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SUBSTITUTED IMIDAZOQUINOLINES AND IMIDAZONAPHTHYRIDINES 

CROSS REFERENCE TO RELATED APPLICATIONS 
The present invention claims priority to U.S. Provisional Application Serial No. 
60/652239, filed February 11, 2005, which is incorporated herein by reference. 



Certain compounds have been found to be useful as immune response modifiers 
(IRMs), rendering them usefiil in the treatment of a variety of disorders. However, there 
continues to be interest in and a need for compounds that have the ability to modulate the 
immune response, by induction of cytokine biosynthesis or other mechanisms. 



The present invention provides a new class of compounds that are usefiil in 
inducing cytokine biosynthesis in animals. Such compounds are of the following Formula 



wherein Ra, Rb, R, and R" are as defined below. 

The compounds of Formula I are usefiil as immune response modifiers due to their 
abihty to induce cj^okine biosynthesis (e.g., induces the synthesis of at least one cytokine) 
and otherwise modulate the immune response when administered to animals. This makes 
the compounds usefiil in the treatment of a variety of conditions such as viral diseases and 
tumors that are responsive to such changes in the immune response. 

The invention fiirther provides pharmaceutical compositions containing an 
effective amount of a compoxmd of Formula I and methods of inducing cytokine 
biosynthesis in an animal, treating a viral infection or disease and/or treating a neoplastic 
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disease in an animal by administering an effective amount of a compound of Formula I to 
the animal. 

In addition, methods of synthesizing compounds of Formula I and intermediates 
useful in the synthesis of these compounds are provided. 

As used herein, "a," "an," "the," "at least one," and "one or more" are used 
interchangeably. 

The terms "comprises" and variations thereof do not have a limiting meaning 
where these terms appear in the description and claims. 

The above summary of the present invention is not intended to describe each 
disclosed embodiment or every implementation of the present invention. The description 
that follows more particularly exemplifies illustrative embodiments. In several places 
throughout the description, guidance is provided through lists of examples, which 
examples can be used in various combinations. In each instance, the recited list serves 
only as a representative group and should not be interpreted as an exclusive list. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE 

INVENTION 

The present invention provides compounds of the following Formulas I through 



VII: 




NH 



I 



(R) 




II 
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IV 




VI 




VII 

as well as intermediates of the following Formulas X and XI: 




(R)n't 



X 





R. 



XI 

wherein Ra, Rb, R', R". R, Ri, R2, R3. G, and n are as defined below; 
and pharmaceutically acceptable salts thereof. 

In one embodiment, the present invention provides a compound of Formula I: 
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I 

wherein: 

Ra and Rb taken together form a fused benzene ring or fused pyridine ring wherein 
5 the benzene ring or pyridine ring is substituted by one R3 group, or substituted by one R3 
group and one R group; 

R3 is selected jfrom the group consisting of: 
-Z-Y-R4, 

-Z-Y-X-Y-R4, 

10 -Z-Rs, 

-Z-Het, 

-Z-Het'-R4, and 
-Z-Het'-Y-R4; 

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and 
1 5 trifluoromethyl; 

R' and R" are independently selected from the group consisting of hydrogen and 
non-interfering substitutents; 

Z is selected from the group consisting of a bond, alkylene, aikenylene, and 
alkynylene; wherein alkylene, aikenylene, and alkynylene can be optionally interrupted 
20 with one or more -O- groups; 

Y is selected from the group consisting of: 
-0-, 

-S(0)o-2-, 

-S(0)2-N(R8)-, 
25 -C(R6)-, 

-C(R6)-0-, 
-0-C(R6)-, 
-0-C(0)-0-, 
.-N(R8)-Q-, 
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-C(R6)-N(R8)-, 

-0-C(R6)-N(Rg)-, 
-C(R6)-N(OR9)-. 




9 



-N-c{Fg-N-w- 




y 



Het is heterocyclyl which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 

Het' is heterocyclylene which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino, alkylamino, 
dialkylamino, and oxo; 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -O- groups; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl. 
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10 



15 



20 



heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be tinsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 
oxo; 

Rs is selected from the group consisting of: 



Re is selected from the group consisting of =0 and =S; 
R7 is C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
hydroxyalkylenyl, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3.8 alkylene; 

A is selected from the group consisting of -0-, -CH2-, -C(0)-, -S(0)o-2-, and 



-N(R4)s 

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-, 
-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6>N(OR9)-; 

V is selected from the group consisting of -C(R6)-, -0-C(R6)-, -N(R8)-C(R6)-, and 



W is selected from the group consisting of a bond, -0(0)-, and -S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
with the proviso that when R' is heterocyclyl, then heterocyclyl is attached to the 
imidazo ring by an atom in heterocyclyl other than a nitrogen atom; and 
with the proviso that Z is other than a bond when: 




-S(0)2-; 



R3 is -Z- Y-R4 or -Z-Y-X- Y.R4, and the Y group bonded to Z is 
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— V-N 



-Q— 



; or 



wherein V is 



-N-C(Fg -N-S(0)2 




wherein V is 



-0-C(R6)-; or 

R3 is -Z-Het, -Z-Het'-R4, or -Z-Het -Y-R4, and Z is attached to a nitrogen 
atom in Het or Het'; 

and with the further proviso that R3 is other than -NH2; 
or a pharmaceutically acceptable salt thereof. 

In another embodiment, the present invention provides a compound of Formula II 



-Z-Y-R4, 
-Z-Y-X-Y-R4, 
-Z-Rs, 
-Z-Het, 

-Z-Het'-R4, and 
-Z-Het'-Y-R4; 

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and 
trifluoromethyl; 
n is 0 or 1; 

Ri is selected from the group consisting of: 




NH 



wherein: 



R3 is selected from the group consisting of: 
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-R4, 

-X-R4, 

-X-Y-R4, 

-X-Y-X-Y-R4, and 
-X-Rs; 



R2 is selected from the group consisting of: 



-R4, 
-X-R4. 

-X-Y-R4, and 

-X-Rs; 



Z is selected from the group consisting of a bond, alkylene, alkenylene, and 
alkynylene; wherein alkylene, alkenylene, and alkynylene can be optionally interrupted 
with one or more -O- groups; 

Y is selected from the group consisting of: 



-0-, 

-S(0)o.2-, 

-S(0)2-N(R8)-. 

-C(R6)-, 

-C(R6)-0-, 

-0-C(R6)-, 

-0-C(0)-0-, 

-N(R8)-Q-, 

-C(R6)-N(R8)-, 

-0-C(R<i)-N(R8)-, 

-C(R6)-N(OR9)-, 

-/Tn-q— 



— N— R,-N-Q— 
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9 



Het is heterocyclyl which can be unsubstituted or substituted by one or more 
substituents independently selected jfrom the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 

Het* is heterocyclylene which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, ammo, alkylamino, 
dialkylamino, and oxo; 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -O- groups; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the aUcyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be tmsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 
0x0; 

R5 is selected from the group consisting of: 
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-N-C(R6) 





N-C(Re)-N 




and 



-ON; 



Re is selected from the group consisting of =0 and =S; 
R7 is C2.7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
hydroxyalkylenyl, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3-8 alkylene; 

A is selected from the group consisting of -0-, -CH2-, -C(0)-, -S(0)o-2-, and 



Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-, 



-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6)-N(OR9)s 

V is selected from the group consisting of -C(R6)-, -O-CCR^)-, -N(Rg)-C(R6)-, and 



W is selected from the group consisting of a bond, -C(0)-, and -S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
with the proviso that when Ri is R4, and R4 is heterocyclyl, then heterocyclyl is 
attached to the imidazo ring by an atom in heterocyclyl other than a nitrogen atom; and 
with the proviso that Z is other than a bond when: 



-N(R4)s 



-S(0)2S 



R3 is -Z- Y-R4 or -Z-Y-X-Y-R4, and the Y group bonded to Z is -0-, 



-0-C(R6)-, -0C(0)-0-, -0-C(R6)-N(R8)-, 

— N-C(R6)-N-W- — N- 




wherein V is 




,or 




; or 



R3 is -Z-R5, and R$ is 




wherein V is 



-0-C(R6)s or 
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R3 is -Z-Het, -Z-Het'-R4, or -Z-Het -Y-R4, and Z is attached to a nitrogen 
atom in Het or Het'; 

and with the further proviso that R3 is other than -NH2; 
or a phannaceutically acceptable salt thereof. 
5 In another embodiment, the present invention provides a compound selected from 

the group consisting Formulas HI, IV, V, and VI: 




m IV V 




10 VI 
wherein: 

R3 is selected from the group consisting of: 
-Z-Y-R4, 
-Z-Y-X-Y-R4, 
15 -Z^Rs, 

-Z-Het, 

-Z-Het'-R4, and 
-Z-Hef-Y-R4; 

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and 
20 trifluoromethyl; 

n is 0 or 1; 

Ri is selected from the group consisting of: 
-R4, 
-X-R4, 

25 .X-Y-R4, 

11 
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-X-Y-X-Y-R4, and 

R2 is selected from the group consisting of: 
-R4, 

5 -X-R4, 

-X-Y-R4, and 
-X-Rs; 

Z is selected from the group consisting of a bond, alkylene, alkenylene, and 
alkynylene; wherein alkylene, alkenylene, and alkynylene can be optionally interrupted 
1 0 with one or more -O- groups; 

Y is selected from the group consisting of: 
-0-, 

-S(0)o.2-. 

-S(0)2-N(R8)-, 
15 -C(R6)-, 

-C(R6)-0-, 

-O.C(R6)-, 

-0-C(0)-0-, 

-N(R8)-Q-, 
20 -C(R6)-N(R«)-, 

-0-C(R6)-N(R8)-, 

-C(R6)-N(OR9)-, 




-N-C(Re)-N-W- 
— N — R7— N-Q— 



25 



N— R7-N 




— V-N 

, and 
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N-C(R6)-N 

10 

9 

Het is heterocyclyl which can be unsubstituted or substituted by one or more 
substituents independently selected &om the group consisting of alkyl, alkoxy, haloalkyl, 
haloallcoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 

Hef is heterocyclylene which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino, alkylamino, 
dialkylamino, and oxo; 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -O- groups; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be imsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 
0x0; 

R5 is selected from the group consisting of: 
-N-C(Fg -N-S(0)2 _v-|(| \ -f N-C(R6)-N ^ 



and 



-C=N; 

Rfi is selected firom the group consisting of =0 and =S; 
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R7 is C2-7 alkylene; 

Rs is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
hydroxyalkylenyl, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3-8 alkylene; 

A is selected from the group consisting of -CH2-, -C(0)-, -S(0)o-2-, and 
-N(R4)s 

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-, 
-C(R6)-N(R«)-W-, -S(0)2-N(R8)-, -C(R6)-0^ and -C(R6)-N(OR9)s 

V is selected from the group consisting of-C(R6)-, -0-C(R^)-, -N(R8)-C(R6)-, and 
-S(0)2S 

W is selected from the group consisting of a bond, -C(0)-, and -S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
with the proviso that Z is other than a bond when: 

R3 is -Z- Y-R4 or -Z-Y-X-Y-R4, and the Y group bonded to Z is -0-, 




—V-N 

-0-C(R6)-, -0C(0)-0-, -0-C(R6)-N(R8)-, wherein V is 

— N-C(R6)-N'-W- —N— R7-N-Q— 

-0-C(R6)-, ^ ^7 , or ^ ; or 

R3 is -Z-R5, and R5 is 

-N-C(Re) -N-S(0)2 _v-|^ \ 

, ,or {CH2)b-^ wherein Vis 

-0-C(R6)s or 

R3 is -Z-Het, -Z-Het -R4, or -Z-Het'-Y-R4, and Z is attached to a nitrogen 

atom in Het or Het*; 
or a pharmaceutically acceptable salt thereof. 

In another embodiment, the present invention provides a compound of Formula 
VII, which is a prodrug: 
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VII 

wherein: 

G is selected from the group consisting of: 
-C(0)-R'", 
a-aminoacyl, 

a-aminoacyl-a-aminoacyl, 
-C(0)-0-R"\ 

".C(0)-N(R"")R'", 
-C(=NYi)-R"', 

-CH(Oir)-C(0)-OYi, 

-CH(OCMalkyl)Yo, 

-CH2Y2, and 

-CH(CH3)Y2; 

R"' and R"" are independently selected from the group consisting of Cmo alkyl, 
C3.7 cycloalkyl, phenyl, and benzyl, each of which may be xmsubstituted or substituted by 
one or more substituents independently selected from the group consisting of halogen, 
hydroxy, nitro, cyano, carboxy, C1.6 alkyl, Ci^alkoxy, aryl, heteroaryl, aryl-Ci^ alkylenyl, 
heteroaryl-CM alkylenyl, halo-CM alkylenyl, halo-CM alkoxy, -0-C(0)-CH3, 
-C(0)-0-CH3, -C(0)-NH2, -0-CH2-C(0)-NH2, -NH2, and -S(0)2-NH2, with the proviso 
that R"" can also be hydrogen; 

a-aminoacyl is an a-aminoacyl group derived from an a-amino acid selected from 
the group consisting of racemic, D-, and L-araino acids; 

Yi is selected from the group consisting of hydrogen, Ci^ alkyl, and benzyl; 

Yo is selected from the group consisting of C1.6 alkyl, carboxy-Cj-6 alkylenyl, 
amino-CM alkylenyl, mono-iV-Ci-ealkylamino-CM alkylenyl, and 

di-iy;iV-Ci-6 alkylamino-CM alkylenyl; 

Y2 is selected from the group consisting of mono-7V-Ci^alkylamino, 
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di-A(,7V-Cualkylamino, inorpholin-4-yl, piperidin-l-yl, pyrrolidin-l-yl, and 
4-Cm alkylpiperazin-l-yl; 

Ra and Rb are defined as in Fonnula I above; 

Ri and R2 are as defined as in Formula II above; 
5 or a pharmaceutically acceptable salt thereof. 

In one embodiment, the present invention provides an intermediate compound of 
Formula X: 




X 

10 wherein: 

R3 is selected fi'om the group consisting of: 
-Z-Y-R4, 
-Z-Y-X-Y-R4, 
-Z-R5, 

15 -Z-Het, 

-Z-Hef-R4, and 
-Z-Het'-Y-R4; 

R is selected fi-om the group consisting of alkyl, alkoxy, hydroxy, halogen, and 
trifluoromethyl; 
20 nisOorl; 

Ri is selected from the group consisting of: 

-R4, 

-X-R4, 

-X-Y-R4. 

25 -X-Y-X-Y-R4, and 

-X-Rs; 

R2 is selected from the group consisting of: 
-R4, 

-X-R4, 
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«X-Y-R4, and 

-X-R5J 



Z is selected from the group consisting of a bond, alkylene, alkenylene, and 
alkynylene; wherein alkylene, alkenylene, and aUcynylene can be optionally interrupted 
with one or more -O- groiqjs; 

Y is selected firom the group consisting of: 



-0-, 

-S(0)o-2-, 

-S(0)2-N(R8)-, 

-C(R6)-, 

-C(R<i)-0-. 

-0-C(R6)-, 

-0-C(0)-0-, 

-N(R8)-Q-, 

-C(R<i)-N(Rs)-, 

-0-C(R6)-N(R8)-, 

-C(R6)-N(OR9)-, 

-C N-Q— 



— V-N 4- 

'^1° , and 



Het is heterocyclyl which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
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haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 

Hef is heterocyclylene which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino, alkylamino, 
dialkylamino, and oxo; 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -O- groups; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be unsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 
0x0; 

R5 is selected from the group consisting of: 



-ON; 

is selected from the group consisting of =0 and =S; 
R7 is C2-7 alkylene; 

Rs is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
hydroxyalkylenyl, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3-8 alkylene; 
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A is selected from the group consisting of -0-, -CH2-, -C(0)-, -S(0)o-2-, and 
-N(R4)s 

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R^)-, -S(0)2-, 
-C(R6)-N(R8)-W-, -S(0)2-N(R8>, -C(R6)-0-, and -C(R6)-N(OR9)s 

V is selected from the group consisting of -C(R6)-, -0-C(R6)-, -N(R8)-C(R6)-, and 
-S(0)2-; 

W is selected from the group consisting of a bond, -C(0)-, and -S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
with the proviso that Z is other than a bond when: 

R3 is -Z-Y-R4 or -Z-Y-X-Y-R4, and the Y group bonded to Z is -0-, 




— V-N 

-0-C(R6)-, -0C(0)-0-, -0-C(R6)-N(R8)-, wherein V is 

— N-C{R6)-N-W- — N— R7-N-Q— 

-0-C(R6)-, ^ ^7 , or ^ ; or 

R3 is -Z-R5, and R5 is 

-N-C(Re) -N-S(0)3 -y^^ \ 

^7 , ^7 ^^j, (CH2)b-^ wherein Vis 

-0-C(R6)-; or 

R3 is -Z-Het, -Z-Het'-R4, or -Z-Het'-Y-R4, and Z is attached to a nitrogen 
atom in Het or Het'; 

and with the further proviso that R3 is other than -NH2; 
or a pharmaceutically acceptable salt thereof. 

In one embodiment, the present invention provides an intermediate compound of 
Fonnula XI: 



R2 



R3 

XI 

wherein: 
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R3 is selected from the group consisting of: 
-Z-Y-R4, 
-Z-Y-X-Y-R4, 
-Z-R5, 

5 -Z-Het, 

-Z-Het'-R4, and 
-Z-Het'-Y-R4; 

R is selected from the group consisting of allcyl, alkoxy, hydroxy, halogen, and 
trifluoromethyl; 
10 nisOorl; 

Ri is selected from the group consisting of: 

-R4, 

-X-R4, 

-X-Y-R4, 

15 -X-Y-X-Y-R4, and 

-X-Rs; 

R2 is selected from the group consisting of: 
-R4, 
-X-R4, 

20 -X-Y-R4, and 

-X-Rs; 

Z is selected from the group consisting of a bond, alkylene, alkenylene, and 
alkynylene; wherein alkylene, alkenylene, and alkynylene can be optionally interrupted 
with one or more -O- groups; 
25 Y is selected from the group consisting of: 

-0-, 

-S(0)o.2-, 
-S(0)2-N(R«)-, 

-C(R6)-, 

30 -C(R6)-0-, 

-0-C(R6)-, 
-0-C(0)-0-, 
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-N(R8)-Q-, 
-C(R6)-N(Rg)-, 

-0-C(R6)-N(R8)-, 
-C(R6)-N(OR9>. 



5 




9 



10 Het is heterocyclyl which can be unsubstituted or substituted by one or more 

substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 

Het' is heterocyclylene which can be unsubstituted or substituted by one or more 

1 5 substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino, alkylamino, 
dialkylamino, and oxo; 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 

20 alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -O- groups; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
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10 



alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be unsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 
oxo; 

R5 is selected from the group consisting of: 

-N-C(R5) -H-S(0)^ _v-|( \ -f N-C(Re)-N ^ 

R7 , ^ , i^^2h^ , and 

-C=N; 

is selected from the group consisting of =0 and =S; 
R7 is C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
1 5 hydroxyalkylenyl, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3-8 alkylene; 

A is selected from the group consisting of -0-, -CH2-, -C(0)-, -S(0)o-2-, and 
-N(R4)s 

20 Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-, 

-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6)-N(OR9)s 

V is selected from the group consisting of -C(R6)-, -0-C(R6)-, -N(R8)-C(R6)-, and 
-S(0)2S 

W is selected from the group consisting of a bond, -C(0)-, and -S(0)2-; and 
25 a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 

with the proviso that Z is other than a bond when: 

R3 is -Z-Y-R4 or -Z-Y-X-Y-R4, and the Y group bonded to Z is -0-, 



— V-N 

-0-C(R6)-, -0C(0)-0-, -0-C(R6)-N(R8)-, wherein V is 
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-0-C(R6)-, 




,or 



— N 




-Q— 



; or 



R3 is -Z-R5, and R5 is 



— N— C(Re) — N— S(0)2 



— V 




\ 



A 




wherein V is 



-0-C(R6)s or 

R3 is -Z-Het, -Z-Het'-R4, or -Z-Het -Y-R4, and Z is attached to a nitrogen 
atom in Het or Het'; 
or a pharmaceutically acceptable salt thereof. 

Herein, "non-interfering" means that the ability of the compound or salt, which 
includes a non-interfermg substituent, to modulate the biosynthesis of one or more 
cytokines is not destroyed by the non-interfering substitutent. For certain embodiments, R' 
is hydrogen or a non-interfering substituent. Illustrative non-interfering R' groups include 
those described above for R\ . For certain embodiments, R" is hydrogen or a non- 
interfering substituent. Illustrative non-interfering R" groups include those described 
above for R2. 

As used herein, the terms "alkyl," "alkenyl," "alkynyl" and the prefix "alk-" are 
inclusive of both straight chain and branched chain groups and of cyclic groups, e.g., 
cycloalkyl and cycloalkenyl. Unless otherwise specified, these groups contain from 1 to 
20 carbon atoms, with alkenyl groups containing from 2 to 20 carbon atoms, and alkynyl 
groups containing from 2 to 20 carbon atoms. In some embodiments, these groups have a 
total of up to 10 carbon atoms, up to 8 carbon atoms, up to 6 carbon atoms, or up to 4 
carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably have from 3 
to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl, 
cyclopropylmethyl, cyclopentyl, cyclohexyl, adamantyl, and substituted and unsubstituted 
bomyl, norbomyl, and norbomenyl. 

Unless otherwise specified, "alkylene," "alkenylene," and "alkynylene" are the 
divalent forms of the "alkyl," "alkenyl," and "alkynyl" groups defined above. The terms, 
"alkylenyl," "alkenylenyl," and "alkynylenyl" are use when "alkylene," "alkenylene," and 
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"alkynylene," respectively, are substituted. For example, an arylalkylenyl group 
comprises an alkylene moiety to which an aryl group is attached. 

The term "haloalkyl" is inclusive of groups that are substituted by one or more 
halogen atoms, including perfluorinated groups. This is also true of other groups that 
include the prefix "halo-." Examples of suitable haloalkyl groups are chloromethyl, 
trifluoromethyl, and the like. 

The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems. 
Examples of aryl groups include phenyl, naphthyl, biphenyl, fluorenyl and indenyl. 

Unless otherwise indicated, the term "heteroatom" refers to the atoms O, S, or N. 

The term "heteroaryl" includes aromatic rings or ring systems that contain at least 
one ring heteroatom (e.g., O, S, N). In some embodiments, the term "heteroaryl" includes 
a ring or ring system that contains 2-12 carbon atoms, 1-3 rings, 1-4 heteroatoms, and O, 
S, and N as the heteroatoms. Exemplary heteroaryl groups include furyl, thienyl, pyridyl, 
quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl, imidazolyl, 
pyrazolyl, oxazolyl, thiazolyl, benzofuranyl, benzothiophenyl, carbazolyl, benzoxazolyl, 
pyrimidinyl, benzimidazolyl, quinoxalinyl, benzothiazolyl, naphthyridinyl, isoxazolyl, 
isothiazolyl, purinyl, quinazolinyl, pyrazinyl, 1 -oxidopyridyl, pyridazinyl, triazinyl, 
tetrazinyl, oxadiazolyl, thiadiazolyl, and so on. 

The term "heterocyclyl" includes non-aromatic rings or ring systems that contain at 
least one ring heteroatom (e.g., O, S, N) and includes all of the fully saturated and partially 
unsaturated derivatives of the above mentioned heteroaryl groups. In some embodiments, 
the term "heterocyclyl" includes a ring or ring system that contains 2-12 carbon atoms, 1-3 
rings, 1-4 heteroatoms, and O, S, and N as the heteroatoms. Exemplary heterocyclyl 
groups include pyrrolidinyl, tetrahydrofuranyl, morpholinyl, thiomorpholinyl, 1,1- 
dioxothiomorpholinyl, piperidinyl, piperazinyl, thiazolidinyl, imidazolidinyl, 
isothiazolidinyl, tetrahydropyranyl, quinuclidinyl, homopiperidinyl (azepanyl), 1,4- 
oxazepanyl, homopiperazinyl (diazepanyl), 1,3-dioxolanyl, aziridinyl, azetidinyl, 
dihydroisoquinolin-( 1 H)'yU octahydroisoquinolin-( 1 i^)-y 1, dihydroquinolin-(2/^)-yl, 
octahydroquinolin-(2/f)-yl, dihydro-l/f-imidazolyl, 3-azabicyclo[3.2.2]non-3-yl, 1,1- 
dioxidotetrahydrothien-3-yl, 2-oxopyrrolidin-l-yl, and the like. 

The term "heterocyclyl" includes bicylic and tricyclic heterocyclic ring systems. 
Such ring systems include fused and/or bridged rings and spiro rings. Fused rings can 
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include, in addition to a saturated or partially saturated ring, an aromatic ring, for example, 
a benzene ring. Spiro rings include two rings joined by one spiro atom and three rings 
joined by two spiro atoms. 

When "heterocyclyl" contains a nitrogen atom, the point of attachment of the 
5 heterocyclyl group may be the nitrogen atom unless otherwise indicated. 

The tenns "arylene," "heteroarylene," and "heterocyclylene" are the divalent forms 
of the "aryl," "heteroaryl," and "heterocyclyl" groups defined above. The temis, 
"arylenyl," "heteroarylenyl," and "heterocyclylenyl" are used when "arylene," 
"heteroarylene," and "heterocyclylene," respectively, are substituted. For example, an 

10 alkylarylenyl group comprises an arylene moiety to which an alkyl group is attached. 

When a group (or substituent or variable) is present more than once in any Formula 
described herein, each group (or substituent or variable) is independently selected, whether 
explicitly stated or not. For example, for the formula -N(Rg)-C(R6)-N(R8)- each Rg group 
is independently selected. In another example, when an R2 and an R3 group both contain 

IS an R4 group, each R4 group is independently selected. In a further example, when more 
than one Y group is present and each Y group contains one or more R« groups, then each 
Y group is independently selected, and each R% group is independently selected. 

The invention is inclusive of the compounds described herein in any of their 
pharmaceutically acceptable forms, including isomers (e.g., diastereomers and 

20 enantiomers), salts, solvates, polymorphs, prodrugs, and the like. In particular, if a 

compound is optically active, the invention specifically includes each of the compound's 
enantiomers as well as racemic mixtures of the enantiomers. It should be understood that 
the term "compound" includes any or all of such forms, whether explicitly stated or not 
(although at times, "salts" are explicitly stated). 

25 The term "prodrug" means a compoxmd that can be transformed in vivo to yield an 

immune response modifying compound, including any of the salt, solvated, polymorphic, 
or isomeric forms described above. The prodrug, itself, may be an immune response 
modifying compoimd, including any of the salt, solvated, polymorphic, or isomeric forms 
described above. The transformation may occur by various mechanisms, such as through 

30 a chemical (e.g., solvolysis or hydrolysis, for example, in the blood) or enzymatic 

biotransformation. A discussion of the use of prodrugs is provided by T. Higuchi and W. 
Stella, "Pro-drugs as Novel Delivery Systems," Vol. 14 of the A. C. S. Symposium Series, 
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and in Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American 
Pharmaceutical Association and Pergamon Press, 1987. 

For any of the compounds presented herein, each one of the following variables 
(e.g., Z, Y, X, Ra, Rb, Rj Ri» R2, R3, Q, n, and so on) in any of its embodiments can be 
5 combined with any one or more of the other variables in any of their embodiments and 
associated with any one of the formulas described herein, as would be understood by one 
of skill in the art. Each of the resulting combinations of variables is an embodiment of the 
present invention. 

For certain embodiments of Formulas I or VII, Ra and Rb taken together form a 
10 fused benzene ring or fused pyridine ring wherein the benzene ring or pyridine ring is 
substituted by one R3 group, or substituted by one R3 group and one R group. 

For certain embodiments of Formulas I or VII, Ra and Rb are taken together to 
form a fused benzene ring wherein the benzene ring is substituted by one R3 group, or 
substituted by one R3 group and one R group;. In certain of these embodiments, the fused 
15 benzene ring is substituted by one R3 group. 

For certain embodiments of Formulas I or VII, Ra and Rb are taken together to 
form a fused pyridine ring wherein the pyridine ring is substituted by one R3 group, or 
substituted by one R3 group and one R group. In certain of these embodiments, the fused 
pyridine ring is substituted by one R3 group. 
20 For certain embodiments, including any one of the above embodiments of Formula 

I, R is Ri; wherein Ri is selected from the group consisting of: 

-R4, 
-X-R4, 

-X-Y-R4, 

25 -X-Y-X-Y-R4, and 

-X-Rs; 

with the proviso that when Ri is R4, and R4 is heterocyclyl, then heterocyclyl is 
attached to the imidazo ring by an atom in heterocyclyl other than a nitrogen atom. 

For certain embodiments, including any one of the above embodiments of Formula 
30 I, R" is R2; wherein R2 is selected from the group consisting of: 

-R4, 
-X-R4, 
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-X-Y-R4, and 
-X-R5. 



For certain embodiments, the compoimd selected from the group consisting of 
Formulas III, IV, V, and VI, or a pharmaceutically acceptable salt thereof is the compound 
of Formula III: 



or a pharmaceutically acceptable salt thereof. 

For certain embodiments, n is 0 in the above embodiments of Formulas II, III, IV, 
V, or VI. 

For certain embodiments, R is selected from the group consisting of alkyl, alkoxy, 
hydroxy, halogen, and trifluoromethyl. 

For certain embodiments, R* is hydrogen or a non-interfering substituent. 

For certain embodiments, R is a non-interfereing substituent 

For certain embodiments, R is Ri; wherein Ri is selected from the group 
consisting of -R4, -X-R4, -X-Y-R4, -X-Y-X-Y-R4, and -X-R5. 

For certain embodiments, R is Ri; wherein Ri is selected from the group 
consisting of alkyl, arylalkylenyl, aryloxyalkylenyl, hydroxyalkyl, dihydroxyalkyl, 
alkoxyalkylenyl, alkylsulfonylalkylenyl, -X-Y-R4, -X-R5, and heterocyclylalkylenyl; 
wherein the heterocyclyl of the heterocyclylalkylenyl group is optionally substituted by 
one or more alkyl groups; wherein X is alkylene; Y is -N(R8)-C(0)-, -N(R8)-S(0)2-, 



R 




3 



-N(R8)-C(0)-N(R8)-, or 




For certain embodiments, R' is hydrogen or a non-interfering substituent. 
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For certain embodiments, R" is a non-interfering substituent. 

For certain embodiments, R" is R2; whierein R2 is selected from the group 
consisting of -R4, -X-R4, -X-Y'-Ri, and -X-R5'. 

For certain embodiments, R" is R2; wherein R2 is selected from the group 
consisting of hydrogen, alkyl, alkoxyalkylenyl, and hydroxyalkylenyl. 

For certain embodiments, Ri is selected from the group consisting of -R4, -X-R4, 
-X-Y-R4, "X-Y-X.Y-R4, and -X-R5. 

For certain embodiments, including any one of the above embodiments wherein R| 
is present, Ri is selected from the group consisting of alkyl, arylalkylenyl, 
aryloxyalkylenyl, hydroxyalkyl, dihydroxyalkyl, alkoxyalkylenyl, alkylsulfonylalkylenyl, 
-X-Y-R4, -X-R5, and heterocyclylalkylenyl; wherein the heterocyclyl of the 
heterocyclylalkylenyl group is optionally substituted by one or more alkyl groups; wherein 
X is alkylene; Y is -N(R8)-C(0)-, -N(R8)-S(0)2-, -N(R8)-C(0)-N(R8)-, or 

N-Q — 
R ^ 

; R4 is alkyl, aryl, or heteroaryl; and R5 is 




-N-C(R,) -N-S(O), «N(R^)^c{0)-N a 



,or 

For certain embodunents, including any one of the above embodiments wherein Ri 
is present, R| is selected from the group consisting of 2-hydroxy-2-methylpropyl, 2- 
methylpropyl, propyl, ethyl, methyl, 2,3-dihydroxypropyl, 3-isopropoxypropyl, 2- 
phenoxyethyl, 4-[(methylsulfonyl)amino]butyl, 2-methyl-2[(methylsuIfonyl)amino]propyl, 
2-(acety lamino)-2-methylpropyl, 2- { [(isopropylamino)carbonyl]amino } -2-methy Ipropyl, 
4- { [(isopropylamino)carbonyl]amino}butyl, 4-(l , 1 -dioxidoisothia2olidin-2-yl)butyl, 
tetrahydro-2if-pyran-4-ylmethyl, and (2,2-dimethyl-l,3-dioxolan-4-yl)methyl. 

For certain embodiments, including any one of the above embodiments wherein Ri 
is present except where excluded, Ri is selected from the group consisting of 2- 
[(methylsulfonyl)amino]ethyl, 2-(l , 1 -dioxidoisothiazolidin-2-yl)ethyl, 3-(2-oxopyrrolidin- 
l-yl)propyl, and 2"{[(isopropylamino)carbonyl]amino}ethyl. 

For certain embodiments of Formulas III, IV, V, VI, or XI, when Ri is R4, and R4 
is heterocyclyl, then heterocyclyl is bonded to the imidazo ring by an atom in heterocyclyl 
that is other then nitrogen. 
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For certain embodiments, R2 is selected from the group consisting of -R4, -X-R4, 
-X-Y-R4, and -X-R5. 

For certain embodiments, including any one of the above embodiments wherein R2 
is present, R2 is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
5 and hydroxyalkylenyl. For certain embodiments, R2 is selected from the group consisting 
of hydrogen, alkyl, and alkoxyalkylenyl. For certain embodiments, R2 is selected from the 
group consisting of alkyl and alkoxyalkylenyl. For certain embodiments, R2 is selected 
from the group consisting of hydrogen, methyl, ethyl, propyl, butyl, ethoxymethyl, 
methoxymethyl, 2-methoxyethyl, hydroxymethyl, and 2-hydroxyethyl. For certain 

1 0 embodiments, R2 is selected from the group consisting of methyl, ethyl, n-propyl, n-butyl, 
ethoxymethyl, methoxymethyl, and 2-methoxyethyL 

For certain embodiments, R3 is selected from the group consisting of -Z-Y-R4, 
-Z-Y-X-Y-R4, -Z-Rs, -Z-Het, -Z-Hef-R4, and -Z-Hef -Y-R4. 

For certain embodiments, including any one of the above embodiments, R3 is 

15 -Z-Y-R4 or -Z-Y-X-Y-R4. For certain of these embodiments, R3 is -Z-Y-R4. In 

certain of these embodiments, Y is -N(R8)-Q-, and R4 is alkyl, aryl, heteroaryl, or 
heterocyclyi. In certain of these embodhnents, Q is -C(R^)-, -S(0)2-, or -C(R6)-N(R8)-. 
For certain of these embodiments, Q is -C(R6)-. Alternatively, for certain of these 
embodiments, Q is -S(0)2-. Alternatively, for certaui of these embodiments, Q is -C(R6)- 

20 NCRg)-. Alternatively, for certain of these embodiments, Q is -C(R6)-0-. Alternatively, 
for certain of these embodiments, Q is -S(0)2-N(R8)-. For certain of these embodiments 
where R3 is -Z-Y-R4 or -Z-Y-X-Y-R4, R3 is -Z'Y-X-Y-R4. 

In certain embodiments, including any one of the above embodiments wherein R3 
is -Z- Y-R4 or -Z- Y-X- Y-R4, except where excluded, Y is -C(R6)-N(R8)-, and R4 is alkyl, 

25 aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, or heterocyclyi. For certain of these 
embodiments, Y in -Y-R4 is -C(R6)-N(R8)-. For certain of these embodiments, R^ is =0, 
Rg is Cm alkyl, and R4 is Cm alkyl. For certain of these embodiments, Cm alkyl is 
methyl. 

In certain embodiments, including any one of the above embodiments wherein R3 
30 is -Z- Y-R4 or -Z-Y-X-Y-R4, except whejre excluded, -Y-R4 is -C(0)-NH2. 

In certain embodiments, including any one of the above embodiments wherein R3 
is -Z- Y-X-Y-R4, except where excluded, Y m -Z-Y- is -C(0)-, and Y in -Y-R4 is selected 
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from the group consisting of -C(0)-NH-, -C(0)-, and -C(0)-0-. For certain of these 
embodiments, R4 is alkyl, and when Y in - Y-R4 is -C(0)-NH-, then R4 can also be 
hydrogen. For certain of these embodiments, X is heterocyclylene or heterocyclyiene- 
alkylene. 

5 In certain embodiments, including any one of the above embodiments wherein R3 

is -Z-Y-R4 or -Z-Y-X-Y-R4, except where excluded, Y is -C(0)- and R4 is heterocyclyl. 

In certain embodiments, including any one of the above embodiments wherein R3 
is -Z-Y-R4, except where excluded, Y is -C(0)-, and R4 is heterocyclyl which is 
unsubstituted or substituted by one or more substituents independently selected from the 
1 0 group consisting of alkyl, hydroxy, and 0x0. 

In certain embodiments, including any one of the above embodiments wherein R3 
is -Z-Y-R4, except where excluded, Y is -C(0)-NH-, and R4 is heterocyclyl which is 
unsubstituted or substituted by one or more substituents independently selected from the 
group consisting of alkyl, hydroxy, and 0x0, or R4 is alkyl which is unsubstituted or 
15 substituted by one or more substituents independently selected from the group consisting 
of hydroxy, alkoxy, heteroaryl, and heterocyclyl. 

For certain embodiments, including any one of the above embodiments wherein R4 
is heterocyclyl, heterocyclyl is selected from the group consisting of tetrahydropyranyl, 
tetrahydrofiiranyl, 1,3-dioxolanyl, pyrrolidinyl, piperidinyl, morpholinyl, thiomorpholinyl, 
20 1,1-dioxothiomorpholinyl, thiazolidinyl, azepanyl, 1,4-oxazepanyl, diazepanyl, 

dihydroisoquinolin-( 1 i/)-yl, octahydroisoquinolin-(l /Q-yl, dihydroquinolin-(2ii/)-yl, 
octahydroquinolin-(2//)-yl, dihydro-lif-imidazolyl, 3-azabicyclo[3.2.2]non-3-yl, and 
piperazinyl. For certain of these embodiments, heterocyclyl is pyrrolidinyl or piperidinyl. 
Alternatively, for certain of these embodiments, heterocyclyl is 1,1- 
25 dioxidotetrahydrothien-3-yl, or 2-oxopyrrolidin-l-yl. 

In certain embodiments, including any one of the above embodiments wherein R3 
is -Z-Y-R4, except where excluded, Y is selected from the group consisting of -C(0)-0-, 
-S(0)2-, and -S(0)2-N(R8)-. For certain of these embodiments, Y is -S(0)2-. For certain 
of these embodiments, Y is -S(0)2-N(R8). For certain of these embodiments, Y is 
30 -C(0)-0-. For certain of these embodiments, R4 is alkyl. 

In certain embodiments, including any one of the above embodiments wherein R3 
is -Z-Y-R4, except where excluded, Y is -0-, and R4 is hydrogen. 
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In certain embodiments, including any one of the above embodiments wherein R3 




—V-N 

is -Z-Y-R4, except where excluded, Y is ^° , V is -C(0)-, and R4 is 

hydroxyalkyl. 

For certain embodiments, including any one of the above embodiments not 
S excluding this definition, R3 is -Z-Rs. In certain of these embodiments, R5 is 

(CH2)b--^ certain of these embodiments, V is -NH-C(O)- or -C(0)-; A is 
-0-, -CH2-, -S-, or -SO2"; a is 1, 2, or 3; and b is 2. 

For certain embodiments wherein R3 is -Z-R5, R5 is -C=N. In certain of these 
embodiments, Z is other than a bond. In certain of these embodiments, Z is aikyiene. 

1 0 Alternatively, in certain of these embodiments, R3 is -CH=CH-C=N. 

For certain embodiments, including any one of the above embodiments not 
excluding this definition, R3 is -Z-Het or -Z-Het'-R4. In certain of these embodiments, Het 
and Het' are, respectively, selected from the group consisting of the monovalent and 
divalent forms of tetrahydropyranyl, tetrahydrofuranyl, 1,3-dioxolanyl, pyrrolidinyl, 

1 5 piperidinyl, morpholiny 1, thiomorpholinyl, 1 , 1 -dioxothiomorpholinyl, thiazolidiny 1, 

azepanyl, 1,4-oxazepanyl, diazepanyl, dihydroisoquinolin-(l/iO-yl, octahydroisoquinolin- 
(l/i/)-yl, dihydroquinolin-(2/i)-yl, octahydroqumoHn-(2i/)-yl, dihydro-l/f-imidazolyl, 3- 
azabicyclo[3.2.2]non-3-yl, and piperazinyl, each of which is unsubstituted or substituted 
by one or more substitutents. For certain of these embodiments, Het and Het' are, 

20 respectively, selected from the group consisting of the monovalent and divalent forms of 
pyrrolidinyl, piperidinyl, and morpholinyl, each of which is unsubstituted or substituted by 
one or more substitutents. For certain of these embodiments, Het is imsubstituted. For 
certain of these embodiments, Het' is unsubstituted. For certain of these embodiments, R4 
is heterocyclyl. For certain of these embodiments, Het is substituted by one or more 

25 substituents selected firom the group consisting of alkyl, hydroxyl, hydroxyalkyl, 
hydroxyalkyleneoxyalkylenyl, and dialkylamino. 

For certain embodiments, including any one of the above embodiments, except 
where excluded, Z is Cm aikyiene or C2-4 alkenylene. For certain of these embodiments, 
Z is C2-4 aikyiene. For certain of these embodiments, Z is ethylene. 
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For certain embodiments, including any one of the above embodiments not 
excluded by the proviso for Formulas I through VI, and which does not exclude this 
definition, Z is a bond. 

For certain embodiments, including any one of the above embodiments, R3 is at the 
7-position. 

For certain embodiments, R4 is selected from the group consisting of hydrogen, 
alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl 
wherein the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, 
heteroaryl, heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and 
heterocyclyl groups can be unsubstituted or substituted by one or more substituents 
independently selected from the group consisting of alkyl, alkoxy, hydroxyalkyl, 
haloalkyl, haloalkoxy, halogen, nitro, hydroxy, mercapto, cyano, aryl, aryloxy, 
arylalkyleneoxy, heteroaryl, heteroaryloxy, heteroarylalkyleneoxy, heterocyclyl, amino, 
alkylamino, dialkylamino, (dialkylamino)aIkyleneoxy, and in the case of alkyl, alkenyl, 
alkynyl, and heterocyclyl, 0x0. 

For certain embodiments, R4 is selected from the group consisting of alkyl, aryl, 
arylalkylenyl, alkylheteroarylenyl, heteroarylalkylenyl, heteroaryl, and heterocyclyl; 
wherein alkyl is unsubstituted or substituted by one or more substituents selected from the 
group consisting of hydroxy, alkoxy, and aryl; wherein aryl and arylalkylenyl are 
unsubstituted or substituted by one or more substituents selected from the group consisting 
of alkyl, halogen, cyano, dialkylamino, and alkoxy; and wherein heterocyclyl is 
unsubstituted or substituted by one or more alkyl substituents. 

For certain embodiments, R4 is alkyl, aryl, arylalkylenyl, heteroaryl, 
heteroarylalkylenyl, or heterocyclyl. 

For certain embodiments, R4 is alkyl, aryl, heteroaryl, or heterocyclyl. 

For certain embodiments, R4 is alkyl, aryl, or heteroaryl. 

For certain embodiments, R4 is alkyl substituted by heterocyclyl. For certain of 
these embodiments, heterocyclyl is substituted by one or two 0x0 groups. 

For certain embodiments, R4 is heterocyclyl. 

For certain embodiments, R4 is hydrogen or alkyl. 

For certain embodiments, R4 is alkyl. 



32 



wo 2006/091394 



PCTAJS2006/004713 



For certain embodiments, R4 is Cm alkyl. 
For certain embodiments, R4 is methyl. 
For certain embodiments, R4 is hydrogen. 

For certain embodiments, Rs is selected from the group consisting of: 
-N-C(Re) -N-S(0)2 -s,-^ \ -f- N-CCRe)-^ a 

^R^ ^r/ \ch)J' ^rJ Vha^ , 

R7 ^ ^ , (CH2)b-^ ^ «^io and 

-CsN. 

For certain embodiments, R5 is selected from the group consisting of: 
N-C(R,) -N-S(0)2 -^.^ \ -f N-C(R6)-N a 

^r/ ^r/ W),^ ^R.^ 




-V-^ A 

For certain embodiments, R5 is (^^2)5 

10 For certain embodiments, R5 is (^^2)^-^ ; V is -NH-C(O)- or -C(0)s A 

is -0-, -CH2-, or -SO2-; a is 1, 2, or 3; and b is 2. 
For certain embodiments, R5 is -C=N. 

For certain embodiments, is selected from the group consisting of =0 and =S. 
For certain embodiments, R6 is =0. 
1 5 For certain embodiments, R7 is C2-7 alky lene. 

For certain embodiments, R7 is C2-4 alkylene. 

For certain embodiments, Rg is selected from the group consisting of hydrogen, 
alkyl, hydroxyalkylenyl, alkoxyalkylenyl, arylalkylenyl, and heteroarylalkylenyl. 

For certain embodiments, Rs is selected from the group consisting of hydrogen, 
20 Cm alkyl, and Cm alkoxyCM alkylenyl. 

For certain embodiments, Rg is hydrogen or Cm alkyl. 
For certain embodiments, Rg is Cm alkyl. 
For certain embodiments, Rg is methyl. 
For certain embodiments, Rg is hydrogen. 
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For certain embodiments, R9 is selected from the group consisting of hydrogen and 

alkyl. 

For certain embodiments, Rio is C3.8 alkylene. 
For certain embodiments, Rio is C4.6 alkylene. 
For certain embodiments, Rio is C4-5 alkylene. 

For certain embodiments, A is selected from the group consisting of -0-, -CH2-, 
-C(0)-, -S(0)o.2-, and -N(R4)-. 

For certain embodiments, A is -0-, -CH2-, -S-, or -S(0)2-. 
For certain embodiments, A is -O- or -S(0)2-. 
For certain embodiments, A is -S-. 
For certain embodiments, A is -O-. 

For certain embodiments, including any one of the above embodiments of Formula 
VII, G is selected from the group consisting of-C(0)-R"*, a-aminoacyl, a-aminoacyl-a- 
aminoacyl, -C(0)-0-R'", -C(0)-N(R'"')R'", -C(=NYi)-R", -CH(OH)-C(0)-OYi, 
-CH(OCm alkyl) Yo, -CH2Y2, and -CH(CH3)Y2. For certain of these embodiments, R'" and 
R"" are independently selected from the group consisting of Cj-jo alkyl, C3.7 cycloalkyl, 
phenyl, and benzyl, each of which may be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of halogen, hydroxy, nitro, 
cyano, carboxy, Ci-6 alkyl, C^alkoxy, aryl, heteroaryl, aryl-CMallcylenyl, 
heteroaryl-Ci-4 alkylenyl, halo-CM alkylenyl, halo-CM alkoxy, -0-C(0)-CH3, 
-C(0)-0-CH3, -C(0)-NH2, -0-CH2-C(0)-NH2, -NH2, and -S(0)2-NH2, with the proviso 
that R"" can also be hydrogen; a-aminoacyl is an a-aminoacyl group derived from an a- 
amino acid selected from the group consisting of racemic, D-, and L-amino acids; Yi is 
selected from the group consisting of hydrogen, alkyl, and benzyl; Yo is selected from 
the group consisting of Ci-e alkyl, carboxy-Ci^ alkylenyl, amino-CM alkylenyl, 

mono-JV-Ci-6 alkylamino-CM alkylenyl, and di-JV, //-Ci-e alkylamino-CM alkylenyl; and 
Y2 is selected from the group consisting of mono-iV-Ci^ alkylamino, 
di-iV,iV-Ci^alkylamino, morpholin-4-yl, piperidin-l-yl, pyrroUdm-l-yl, and 
4-Cm alkylpiperazin-l-yl. 

For certain embodiments, including any one of the above embodiments of Formula 
VII, G is selected from the group consisting of -C(0)-R'", a-aminoacyl, and -C(0)-0-R"'. 
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For certain embodiments, including any one of the above embodiments of Fonnula 
VII, G is selected from the group consisting of -C(0)-R'", a-amino-C2-ii acyl, and 
-C(0)-0-R'". a-Amino-C2-i i acyl includes a-amino acids containing a total of at least 2 
carbon atoms and a total of up to 1 1 carbon atoms, and may also include one or more 
heteroatoms selected from the group consisting of O, S, and N. For certain of these 
embodiments, R'" contains one to ten carbon atoms. 

For certain embodiments, including any one of the above embodiments which 
include an a-aminoacyl group, a-aminoacyl is an a-aminoacyl group derived from a 
naturally occuring a-amino acid selected from the group consisting of racemic, and L- 
amino acids. 

For certain embodiments, including any one of the above embodiments which 
include an a-aminoacyl group, a-aminoacyl is an a-aminoacyl group derived from an a- 
amino acid found in proteins, wherein the the a-amino acid is selected from the group 
consisting of racemic, D-, and L-amino acids. 

In certain embodiments, Q is selected from the group consisting of a bond, -C(R6)-, 
-C(R6)-C(R6>, -S(0)2-, -C(R6)-N(R8)-W-, -S(0)2-N(R«)-, -C(R6)-0-, and .C(R6)-N(OR9)-. 

In certain embodiments, Q is selected from the group consisting of -C(R6)-, 
.C(R6)-C(R6>, -S(0)2~, -C(R^)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6)-N(OR9)-. 

In certain embodiments, Q is other than a bond when R3 is -Z-Y-R4 and Y is 
-N(Rs)-Q-. 

In certain embodiments, Q is selected from the group consisting of a bond, -C(R6)-, 
-S(0)2-, and -C(R6>N(R8)-. 

Li certain embodiments, Q is -C(0)-NH-, -C(0)-, or -C(0)-0-. 

In certain embodiments, Q is -CCRe)-. 

In certam embodiments, Q is -C(0)-. 

In certain embodiments, Q is -S(0)2-. 

In certain embodiments, Q is -C(R6)-N(R8)-. 

In certain embodiments, Q is -C(0)-NH-. 

In certain embodiments, Q is -C(R6)-0-. 

In certain embodiments, Q is -S(0)2-N(R8)-. 

In certain embodiments, Q is a bond. 

In certain embodiments, V is selected from the group consisting of -CfR^)-, 
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-0-C(R6)-> -N(R8)-C(R6)-, and -S(0)2-. 

In certain embodiments, V is selected from the group consisting of -C(0)- and 
-NH-C(0)-. 

In certain embodiments, W is selected from the group consisting of a bond, -C(0)-, 
5 and -S(0)2-. 

In certain embodiments, W is a bond or -C(0)-. 
In certain embodiments, W is a bond. 

In certain embodiments, X is selected from the group consisting of alkylene, 
alkenylene, alkynylene, arylene, heteroarylene, and heterocyclylene wherein the alkylene, 
1 0 alkenylene, and alkynylene groups can be optionally interrupted or terminated with 

arylene, heteroarylene, or heterocyclylene, and optionally interrupted by one or more -O- 
groups. 

In certain embodiments, X is alkylene. 

In certain embodiments, X is heteroarylene-alkylene. For certain of these 
1 S embodiments, heteroarylene is thiazoldiyl. 

In certain embodiments, X is heterocyclylene. For certain of these embodiments, 
heterocyclylene is piperidin-l,4-diyl or piperazin-l,4-diyl. 

In certain embodiments, Y is selected from the group consisting of -0-, -S(0)o.2-, 
-S(0)2-N(R8)-, -C(R6)-, -C(R6)-0-, -0-C(R6)-, -0-C(0)-0., -N(R8)-Q-, -C(R6)-N(R8)-, 



20 -0-C(R6).N(R«)-, -C(R6)-N(OR9)-, 




N-Q— -N-C(R6)-N-'W- 





N-C{R6)-N 

. In certain of 

these embodiments, including any one of the above embodiments wherein Y is present, Y 
is other than -0-. 

In certain embodiments, Y is -N(R8)-C(0)-, -N(R8)-S(0)2-, -N(R8)-C(0)-N(R8)-, 



25 or 




In certain embodiments, Y is -N(R8)-Q-. 

In certain embodiments, Y is -N(R8)-Q-, and Q is -C(R6)', S(0)2-, or 
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-C(R6>N(R8>. 

In certain embodiments, Y is -N(R8)-C(R6)-. 

In certain embodiments,Y is -NH-C(O)-. 

In certain embodiments, Y is -NH-S(0)2-. 

In certain embodiments, Y is -NH-C(0)-NH-. 

In certain embodiments, Y is -NH"C(0)-0-. 

In certain embodiments, Y is -NH-S(0)2-N(R8)-. 

In certain embodiments, Y is -C(R6)-N(R8)-. 

In certain embodiments, Y is -C(0)-NH-. 

In certain embodiments, Y is -C(0)-. 

In certain embodiments, Y is -C(0)-0-. 

In certain embodiments, Y is -C(0)-NH-, -C(0)-, or -C(0)-0-. 

In certain embodiments, Z is selected ftom the group consisting of a bond, 
alkylene, alkenylene, and alkynylene, wherein alkylene, aikenylene, and aikynylene can be 
optionally interrupted with one or more -O- groups; with the proviso that Z is other than a 
bond when: 

R3 is -Z-Y-R4 or -Z-Y-X-Y-R4, and the Y group bonded to Z is -0-, 




— V-N 

V R 

-0-C(R6)-, -OC(0)-0-, -0-C(R6)-N(R8)-, '° wherein V is 

— N-C(R6)-N-W- — N— R7-N-Q— 

-0-C(R6>, ^ , or ^ ^7 ; or 

R3 is -Z-R5, and R5 is 

-N-C(Re) -N-S(0)2 -y^^ \ 

, ,01 Wb-^ wherein Vis 

-0-C(R6)-; or 

R3 is -Z-Het, -Z-Het'-R4, or -Z-Het'-Y-R4, and Z is attached to a nitrogen 
atom in Het or Het'. In certain of these embodiments, Z is other than a bond 
further when R5 is -C=N. In certain of these embodiments, Z is other than a bond 
fiirther when R3 is -Z-Y-R4, Y is -C(0)- or -C(0)-0-, and R4 is alkyl. 
In certain embodiments, Z is a bond except where excluded by the above proviso. 
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In certain embodiments, Z is Cm alkylene or C2-4 alkenylene. 
In certain embodiments, Z is C2A alkylene. 
In certain embodiments, Z is ethylene. 

In certain embodiments, Het is heterocyclyl which can be unsubstituted or 
5 substituted by one or more substituents independently selected from the group consisting 
of alkyl, alkoxy, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyi, cyano, 
hydroxyalkyleneoxyalkylenyl, amino, alkylamino, dialkylamino, and 0x0. 

In certain embodiments, Het is selected from the group consisting of 
tetrahydropyranyl, tetrahydrofiiranyl, 1,3-dioxolanyl, pyrrolidinyl, piperidinyl, 
10 morpholinyl, thiomorpholinyl, 1,1-dioxothiomorpholinyl, thiazolidinyl, azepanyl, 1,4- 
oxazepanyl, diazepanyl, dihydroisoquinolin-(l//)-yl, octahydroisoquinolin-(l//)-yl, 
dihydroquinolin-(2/i)-yl, octahydroquinolin-(2//)-yl, dihydro-l^/-innddazolyl, 3- 
azabicyclo[3.2.2]non-3-yl, and piperazinyl, each of which is unsubstituted or substituted 
by one or more substitutents. 
15 In certain embodiments, Het is substituted by one or more substituents selected 

from the group consisting of alkyl, hydroxyl, hydroxyalkyi, hydroxyalkyleneoxyalkylenyl, 
and dialkylamino. 

In certain embodiments, Het is unsubstituted. 

In certain embodiments, Het* is heterocyclylene which can be unsubstituted or 
20 substituted by one or more substituents independently selected from the group consisting 
of alkyl, alkoxy, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyi, cyano, 
amino, alkylamino, dialkylamino, and 0x0. 

In certain embodiments, Het* is selected from the group consisting of the divalent 
forms of tetrahydropyranyl, tetrahydrofiiranyl, 1,3-dioxolanyl, pyrrolidinyl, piperidinyl, 
25 morpholinyl, thiomorpholinyl, 1 , 1 -dioxothiomorpholiny 1, thiazolidinyl, azepanyl, 1,4- 
oxazepanyl, diazepanyl, dihydroisoquinolin-(l//)-yl, octahydroisoquinolin-(l//)-yl, 
dihydroquinolin-(2/f)-yl, octahydroquinolin-(2ii/)-yl, dihydro-l/f-imidazolyl, 3- 
azabicyclo[3.2.2]non-3-yl, and piperazinyl, each of which is unsubstituted or substituted 
by one or more substitutents. 
30 In certain embodiments, Het' is unsubstituted (except by -R4 or -Y-R4). 

In certain embodiments, a and b are independently integers from 1 to 6 with the 
proviso that a + b is < 7. 

38 



wo 2006/091394 



PCT/US2006/004713 



In certain embodiments, a and b are each independently 1 to 3. 

In certain embodiments, a and b are each 2. 

In certain embodiments, a is 1, 2, or 3, and b is 2. 

In certain embodiments, n is 0 or 1 . 

In certain embodiments, n is 0. 

Preparation of the Compounds 

Compounds of the invention may be synthesized by synthetic routes that include 
processes analogous to those well known in the chemical arts, particularly in light of the 
description contained herein. The starting materials are generally available from 
commercial sources such as Aldrich Chemicals (Milwaukee, Wisconsin, USA) or are 
readily prepared using methods well known to those skilled in the art (e.g., prepared by 
methods generally described in Louis F. Fieser and Mary Fieser, Reagents for Organic 
Synthesis, v. 1-19, Wiley, New York, (1967-1999 ed.); Alan R. Katritsky, Otto Meth- 
Cohn, Charles W. Rees, Comprehensive Organic Functional Group Transformations, v. 1- 
6, Pergamon Press, Oxford, England, (1995); Barry M. Trost and Ian Fleming, 
Comprehensive Organic Synthesis, v. 1-8, Pergamon Press, Oxford, England, (1991); or 
Beilsteins Handbuch der organischen Chemie, 4, Aufl. Ed. Springer-Verlag, Berlin, 
Germany, including supplements (also available via the Beilstein online database)). 

For illustrative purposes, the reaction schemes depicted below provide potential 
routes for synthesizing the compounds of the present invention as well as key 
intermediates. For more detailed description of the individual reaction steps, see the 
EXAMPLES section below. Those skilled in the art will appreciate that other synthetic 
routes may be used to synthesize the compounds of the invention. Although specific 
starting materials and reagents are depicted in the reaction schemes and discussed below, 
other starting materials and reagents can be easily substituted to provide a variety of 
derivatives and/or reaction conditions. In addition, many of the compounds prepared by 
the methods described below can be further modified in light of this disclosure using 
conventional methods well known to those skilled in the art. 

In the preparation of compounds of the invention it may sometimes be necessary to 
protect a particular functionality while reacting other functional groups on an intermediate. 
The need for such protection will vary depending on the nature of the particular fimctional 



39 



wo 2006/091394 



PCTAJS2006/004713 



group and the conditions of the reaction step. Suitable amino protecting groups include 



fluorenyhnethoxycarbonyl (Fmoc). Suitable hydroxy protecting groups include acetyl and 
silyl groups such as the /er/-butyl dimethylsilyl group. For a general description of 
protecting groups and their use, see T. W. Greene and P. G. M. Wuts, Protective Groups 
in Organic Synthesis, John Wiley & Sons, New York, USA, 1991. 

Conventional methods and techniques of separation and purification can be used to 
isolate compounds of the invention, as well as various intermediates related thereto. Such 
techniques may include, for example, all types of chromatography (high performance 
liquid chromatography (HPLC), column chromatography using common absorbents such 
as silica gel, and thin layer chromatography), recrystallization, and differential (i.e., liquid- 
liquid) extraction techniques. 

For some embodiments, compounds of the invention can be prepared according to 
Reaction Scheme I, wherein Ri, R2, R, and n are as defined above; Hal is -Br or -I; Rsa is 
selected fi-om the group consisting of -C(H)=C(H)-Za- Y-R4, -C(H)=C(H)-Za-Y-X-Y-R4, 
-C(H)=C(H)-Za-R5, -C(H)=C(H)-Za-Het, -C(H)=C(H)-Za-Het'-R4, 
-C(H)=C(H).Za-Het'-Y-R4, -N(R8)-C(R6)-R4, -N(R8)-S02-R4, and 



above, and Za is selected fiom the group consisting of a bond and alkylene, wherein 
alkylene can be optionally interrupted with one or more -O- groups; and Rjb is selected 
from the group consisting of -CH2-CH2-Za- Y-R4, -CH2-CH2-Za-Y-X-Y-R4, 
-CH2-CH2-Za-R5, -CH2-CH2-Za-Het, -CH2-CH2-Za-Het'-R4, and -CH2"CH2-Za-Het'-Y-R4, 
wherein R5, R4, Za, Y, X, Het, and Het' are as defined above. Numerous compounds of 
Formula XV are known; see, for example, U.S. Patent Application Publication No. US 
2004/0147543 and the documents cited therem. 

The Heck reaction is used in step (1) of Reaction Scheme I to provide compounds 
of Formula Ila, wherein Rsa is selected fi:om the group consisting of -C(H)=C(H)-Za- Y-R4, 
-C(H)=C(H)-Za-Y-X-Y-R4, -C(H)=C(H)-Za-R5, -C(H)=C(H)-Za-Het, 



acetyl, trifluoroacetyl, /er^butoxycarbonyl (Boc), benzyloxycarbonyl, and 9- 



-N{R3)-C(Re)-N 




, wherein R^, R^, R5, R4, Y, X, Het, and Het* are as defined 
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-C(H)=C(H)-Za-Het'-R4, and -C(H)=C(H)-Za-Het'-Y-R4. The Heck reaction is carried out 
by coupling a lif-imidazo[4,5-c]quinolin-4-amine of Formula XV with a compound of the 
Formula H2C=C(H)-Za-Y-R4, H2C=C(H)-Za-Y-X-Y-R4, H2C=C(H)-Za-R5, 
H2C=C(H)-Za-Het, H2C=C(H)-Za-Het'-R4, or H2C=C(H>Za-Het'-Y-R4. Several of these 
vinyl-substituted compounds are commercially available; others can be prepared by 
known methods. For example, vinyl-substituted compounds are readily prepared from 
aldehydes, primary alcohols, or primary alkyl halides using a variety of conventional 
methods. The reaction is conveniently carried out by combining the compound of 
Formula XV and the vinyl-substituted compound in the presence of palladium (II) acetate, 
triphenylphosphine or tri-orr/za-tolylphosphine, and a base such as triethylamine or cesium 
carbonate in a suitable solvent such as acetonitrile, toluene, or JV,//-dimethylformamide 
(DMF). The reaction can be carried out at an elevated temperature such as 85 °C to 125 
°C under an inert atmosphere. The product of Formula Ila, a subgenus of Formulas I and 
II, or pharmaceutically acceptable salt thereof can be isolated using conventional methods. 
The Heck reaction can also be carried out on a trifluoromethanesulfonate-substituted IH- 
imidazo[4,5-c]quinolin-4-amine, in which Hal in Formula XV is replaced by -0(SO)2-CF3. 
It is understood by one skilled in the art that certain substrates are not compatible with 
Heck reaction chemistry; see, R. F. Heck, in Comprehensive Organic Synthesis, Vol. 4 
(Eds.: B. M. Trost, L Fleming), Pergamon Press, Oxford, p. 833, (1991). For example, it 
is understood by one skilled in the art that for the Heck reaction described above, Za is 
other than a bond when a Y group bonded to Za is -0-, •'0-C(R6)-, -0C(0)-0-, 




-v-N 4- Rz-^V-Q- 

-0-C(R6)-N(R8)-, wherein V is -0-C(R6)-, or ^7 ; or 

when the R5 bonded to Za is {CH2)b-^ wherein V is -0-C(R6)-; or when Za is 

attached to a nitrogen atom in Het or Het'. 

A copper-mediated coupling reaction can be used to prepare compounds of 
Formula Ila, wherein Raa is -N(R8)-C(R6)-R4, -N(R8)-S02-R4, or 
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10 



15 



20 



-N(R8)-C(Re)-N a 

(CH2)5— ^ jjjg reaction is conveniently carried out by combining the 

l/i/-imidazo[4,5-c]quinolin-4-amine of the Formula XV and an amide, sulfonamide, or 

^(CH2)a ^ 
HN(R8)-C{R6)-N A 

urea of formula HN(R8)-Q-R4 or (^^2)b-^ in the presence of copper (I) 

iodide, potassium phosphate, and racemic /rara- 1,2-diaminocyclohexane in a suitable 
solvent such as 1,4-dioxane. The reaction can be carried out at an elevated temperature 
such as 1 10 Many amides, sulfonamides, and ureas are commercially available; others 
can be made by conventional methods. The compound or a pharmaceutically acceptable 
salt thereof can be isolated using conventional methods. 

The compounds of Formula Ila prepared by the Heck reaction, can xmdergo 
reduction of the alkenylene group present in step (2) of Reaction Scheme I to provide 
compounds of Formula lib. The reduction can be carried out by hydrogenation using a 
conventional heterogeneous hydrogenation catalyst such as palladium on carbon. The 
reaction can conveniently be carried out on a Parr apparatus in a suitable solvent such as 
ethanol, methanol, or mixtures thereof. The product of Formula lib, a subgenus of 
Formulas I and II, or a pharmaceutically acceptable salt thereof can be isolated using 
conventional methods. 

Reaction Scheme I 




(1) 




(2) 




25 



For some embodiments, compounds of the invention can be prepared according to 
Reaction Scheme II, wherein R|, R2, Rsa, Rsb, R, Hal, and n are as defined above. In steps 
(1) and (2) of Reaction Scheme II, a li/-imidazo[4,5-c]quinoline of Formula XVI 
undergoes a metal-mediated coupling reaction to provide a compoimd of Formula Xa, 
which may be reduced in step (2) to a compound of Formula Xb. Compounds of Formula 
Xa and Xb are subgenera of Formula X. Steps (1) and (2) of Reaction Scheme II can be 
carried out according to the methods described in steps (1) and (2) of Reaction Scheme I. 
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Numerous compounds of Formula XVI are known; see, for example, U.S. Patent 
Publication Application No. US 2004/0147543 and the documents cited therein. 

In steps (3a) and (3b) of Reaction Scheme II, l/f-imidazo[4,5-c]quinolines of 
Formula Xa and Xb are oxidized to provide l//-'imidazo[4,5-c]quinoline-5iV-oxides of 
Formulas XVII and XVIII, respectively, using a conventional oxidizing agent capable of 
forming A^-oxides. The reaction is conveniently carried out by adding 3- 
chloroperoxybenzoic acid at room temperature to a solution of a compound of Formula Xa 
or Xb in a solvent such dichloromethane or chloroform. Alternatively, the oxidation can 
be carried out by heating a solution of a compound of Formula Xa or Xb in a suitable 
solvent such as ethyl acetate with peracetic acid at a temperature such as 50 °C and then 
adding sodium metabisulfite. 

In steps (4a) and (4b) of Reaction Scheme II, l//-imidazo[4,5-c]quinoline-5iV- 
oxides of Formulas XVII and XVIII are aminated to provide l//-imidazo[4,5-c]quinolin-4- 
amines of Formulas Ila and lib, respectively. The amination can be carried out by the 
activation of an A'-oxide of Formula X Vn or XVIII by conversion to an ester and then 
reacting the ester with an aminating agent. Suitable activating agents include alkyl- or 
arylsulfonyl chlorides such as benzenesulfonyl chloride, methanesulfonyl chloride, or p- 
toluenesulfonyl chloride. Suitable aminating agents include ammonia, in the form of 
ammonium hydroxide, for example, and ammonium salts such as ammonium carbonate, 
ammonium bicarbonate, and anunonium phosphate. The reaction is conveniently carried 
out by adding ammonium hydroxide followed by p-toluenesulfonyl chloride to a solution 
of the A^-oxide of Formula XVII or XVIII in a suitable solvent such as chloroform or 
dichloromethane at room temperature. The reaction may also be carried out by adding 
ammonium hydroxide and p-toluenesulfonyl chloride to the reaction mixture from step 
(3 a) or (3 b) without isolating the A^oxide of Formula XVII or XVIIL The product or a 
pharmaceutically acceptable salt thereof can be isolated using conventional methods. 

Alternatively step (4a) or (4b) can be carried out by the reaction of a 1^- 
imidazo[4,5-c]quinoline-5Ar-oxide of Formula XVII or XVIII with trichloroacetyl 
isocyanate followed by hydrolysis of the resulting intermediate to provide a compound of 
Formula Ila or lib. The reaction is conveniently carried out in two steps by (i) adding 
trichloroacetyl isocyanate to a solution of the A^oxide of Formula XVII or XVIII in a 
solvent such as dichloromethane and stirring at room temperature to provide an isolable 
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amide intermediate. In step (ii), a solution of the intermediate in methanol is treated with 
a base such as sodium methoxide or ammonium hydroxide at ambient temperature. The 
product or a pharmaceutically acceptable salt thereof can be isolated using conventional 
methods. 

An Rsa or Rsb group in a compound of Formula Xa or Xb may contain a -S- 
functional group, which can be oxidized to -S(0)2- in step (3a) or (3b) of Reaction Scheme 
n using an excess of the oxidizing agent. Step (4a) or (4b) of Reaction Scheme II may 
then be carried out to provide a compound of Formula Ila or lib, wherein Rsa or Rsb 
contains a -S(0)2- functional group. 

Reaction Scheme II 




Rsa ila Rab lib 



For some embodiments, compounds of the invention can be prepared according to 
Reaction Scheme III, wherein R|, R2, R4, Rg, A, R, Za, Hal, a, b, and n are as defined 
above. In step (1) of Reaction Scheme III, a l//-imidazo[4,5-c]quinolin-4-amine of 
Formula XV is coupled with an ester of formula H2C=C(H)-C(0)-0alkyl to provide an 
ester-substituted l//-imidazo[4,5-c]quinolin-4-amine of Formula XIX, a subgenus of 
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Formulas I and 11. The reaction can be carried out xmder the Heck reaction conditions 
described in step (1) of Reaction Scheme I. Some esters of formula 
H2C=C(H)-C(0)-0-alkyl, for example methyl acrylate, are commercially available; others 
can be prepared by known methods. The conditions described in step (2) of Reaction 
Scheme I may then be used to reduce the double bond in a compound of Formula XDC in 
step (2) of Reaction Scheme III to provide an ester-substituted l/f-imidazo[4,5-c]quinolin- 
4-amine of Formula XX, a subgenus of Formulas I and II. 

In step (3) of Reaction Scheme III, the ester group of a l//-imidazo[4,5-c]quinolin- 
4-amine of Formula XX undergoes base-promoted hydrolysis to the carboxy lie acid of 
Formula XXI. The hydrolysis reaction is conveniently carried out by combining a 
compound of Formula XX with a base such as potassium hydroxide or sodium hydroxide 
in a suitable solvent mixture such as an alcohol/water mixture, preferably a 
methanol/water mixture. The reaction can be carried out at room temperature, and the 
product of Formula XXI, a subgenus of Formulas I and II, or a pharmaceutically 
acceptable salt thereof can be isolated by conventional methods. 

A carboxy lie acid of Formula XXI is converted into an amide of Formula Ilg or Ilh 
in step (4) or (4a) of Reaction Scheme III using conventional methods. The reaction is 
conveniently carried out by treating a solution of a carboxylic acid of Formula XXI with a 
secondary amine of formula HN(R8)R4 or 

HN A 

\CH2)5-^ and a coupling agent, such as l-[3-(dimethylamino)propyl-3- 
ethylcarbodiimide hydrochloride, in the presence of l-hydroxybenzotriazole. The reaction 
can be carried out at room temperature in a suitable solvent such as DMF, and the product 
of Formula Ilg or Ilh, which are subgenera of Formulas I and II, or a pharmaceutically 
acceptable salt thereof, can be isolated by conventional methods. Numerous secondary 
amines are commercially available; others can be prepared by known synthetic methods. 
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Reaction Scheme III 
NH 



Hal 



XV 



NH. 
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N-Ra 
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For some embodiments, compounds of the invention can be prepared according to 
Reaction Scheme IV, wherein Ri, R2, R4, Rgj Qj Rj Za, Hal, and n are as defined above; 



N — S(0)j 



N — C(0) 

V 



N 



,or 



V ^ (CH,)b 



'8 



, wherein A, a, b, R7, 



and Rsa is 

and Rg are as defined above. 

In step (1) of Reaction Scheme IV, a l/i/-unidazo[4,5-c]quinoline of Formula XVI 

undergoes a Heck coupling reaction, according to the method described in step (1) of 

Reaction Scheme I, with an alkenyl-substituted phthalimide of formula 
O 




^ , which is commercially available or can be prepared by known 

methods. The resulting compoxmd of Formula XXIII may then be reduced in step (2) 
according to the method described in step (2) of Reaction Scheme 1. Compounds of 
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Formula XXIII and XXIV are subgenera of Formula X and can be isolated by 
conventional methods. 

In steps (3) and (4) of Reaction Scheme IV, a phthalimide-substituted IH- 
imida2X)[4,5-c]quinoline of Formula XXIV is first oxidized to a 5//-oxide of Formula 
5 XXV, which is then aminated to provide a phthalimide-substituted l//-iinidazo[4,5- 

c]quinolin-4-amine of Formula XXVI, a subgenus of Formulas I and 11. Steps (3) and (4) 
of Reaction Scheme IV can be carried out according to the methods described in steps (3a) 
and (4a) of Reaction Scheme II, and the product or a pharmaceutically acceptable salt 
thereof can be isolated by conventional methods. 

1 0 In step (5) of Reaction Scheme IV, the phthalimide group of a l//-imidazo[4,5- 

c]quinolin-4-amine of Formula XXVI is removed to provide an amino-substituted IH- 
imidazo[4,5-c]quinolin-4-amine of Formula XXVII, a subgenus of Formulas I and II. The 
reaction is conveniently carried out by adding hydrazine or hydrazine hydrate to a solution 
or suspension of a compound of Formula XXVI in a suitable solvent such as ethanol. The 

1 5 reaction can be carried out at room temperature or at an elevated temperature, such as the 
reflux temperature of the solvent. The product or a pharmaceutically acceptable salt 
thereof can be isolated by conventional methods. 

In step (6) or (6a) of Reaction Scheme IV, an amino-substituted l//-imidazo[4,5- 
c]quinolin-4-amme of Formula XXVII is converted to a l/Hmidazo[4,5-c]quinolinyl 

20 compound of Formula XXVIII or XXDC, subgenera of Formulas I and II, using 

conventional methods. For example, an amino-substituted l//-imidazo[4,5-c]quinolin-4- 
amine of Formula XXVII can react with an acid chloride of Formula R4C(0)C1 to provide 
a compound of Fonnula XXVIII in which -QR4 is -C(0)-R4. In addition, a IH- 
imidazo[4,5-c]quinolin-4-amine of Formula XXVII can react with sulfonyl chloride of 

25 Formula R4S(0)2C1 or a sulfonic anhydride of Formula (R4S(0)2)20 to provide a 

compound of Formula XXVIII in which -QR4 is -S(0)2-R4. Numerous acid chlorides of 
Formula R4C(0)C1, sulfonyl chlorides of Formula R4S(0)2C1, and sulfonic anhydrides of 
Fonnula (R4S(0)2)20 are commercially available; others can be readily prepared using 
known synthetic methods. The reaction is conveniently carried out by adding the acid 

30 chloride of Formula R4C(0)C1, sulfonyl chloride of Formula R4S(0)2C1, or sulfonic 

anhydride of Formula (1148(0)2)20 to a solution of the amino-substituted l//-imidazo[4,5- 
c]quinolin-4-amine of Formula XXVII in a suitable solvent such as chloroform, 
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dichloromethane, or l-methyl-2-pyrroiidmone. Optionally a base such as triethylamine, 
pyridine, or A(i A^-diisopropylethylamine, or a combination thereof can be added. The 
reaction can be carried out at room temperature or initially at a sub-ambient temperature 
such as 0 °C and then warming to room temperature. The product or a pharmaceutically 
acceptable salt thereof can be isolated using conventional methods. 



can be prepared by treating an amino-substituted l//-imidazo[4,5-c]quinolin-4-amine of 
Formula XXVII with a chloroalkanesulfonyl chloride of Formula C1-R7S(0)2C1 or a 
chloroalkanoyl chloride of Formula C1-R7C(0)C1. The reaction is conveniently carried 
out by adding the chloroalkanesulfonyl chloride or chloroalkanoyl cliloride to a solution of 
the amino-substituted l//-imidazo[4,5-c]quinolin-4-amine of Formula XXVII in a suitable 
solvent such as chloroform at ambient temperature. The isolable intermediate 
chloroalkanesulfonamide or chloroalkanamide can then be treated with a base such as 1,8- 
diazabicyclo[5.4.0]undec-7-ene in a suitable solvent such as DMF to effect the cyclization. 
The product or a pharmaceutically acceptable salt thereof can be isolated using 
conventional methods. 

Ureas of Formula XXVIII, where -QR4 is -C(R6)-NH-W-R4, Re is =0, and W is a 
bond, can be prepared by reacting an amino-substituted l//-imidazo[4,5-c]quinolin-4- 
amine of Formula XXVII with isocyanates of Formula R4N=C=0. Nvunerous isocyanates 
of Formula R4N=C=0 are commercially available; others can be readily prepared using 
known synthetic methods. The reaction can be conveniently carried out by adding the 
isocyanate of Formula R4N=C=0 to a solution of the amino-substituted l//-imidazo[4,5- 
c]quinolin-4-amine of Formula XXVII in a suitable solvent such as dichloromethane or 
chloroform. Optionally a base such as triethylamine can be added. The reaction can be 
carried out at room temperature or initially at a sub-ambient temperature such as 0 °C and 
then warming to room temperature. Alternatively, a compoxmd of Formula XXVII can be 
treated with an isocyanate of Formula R4(C0)N=C=0, a thioisocyanate of Formula 
R4N=C=S, a sulfonyl isocyanate of Formula R4S(0)2N=C=0, or a carbamoyl chloride of 



N— S(0)2 



N — C(0) 



Compounds of Formula XXIX where Rsa is 




or 




Formula R4N-(R8)-C(0)C1, or 




A 



to provide a compound of Formula 
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XXVIII, wherein -QR4 is -C(R6)-N(R8)-W-, where R^, Rg, and W are as defined above, or 

— N V ^ 
acompoundof Formula XXEX wherein Rsa is » . The product or a 

pharraaceutically acceptable salt thereof can be isolated using conventional methods, 

Sulfamides of Formula XXVIII, where -QR4 is -S(0)2-N(R8)-R4 can be prepared 
5 by reacting a compound of Formula XXVII with sulfuryl chloride to generate a sulfamoyl 
chloride in situ, and then reacting the sulfamoyl chloride with an amine of formula 
HN(R8)R4. Altematively, sulfamides of Formula XXVIII can be prepared by reacting a 
compound of Formula XXVII with a sulfamoyl chloride of formula R4(R8)N-S(0)2C1. 
The product or a pharmaceutically acceptable salt thereof can be isolated using 

10 conventional methods. Many amines of Formula HN(R8)R4 and some sulfamoyl chlorides 
of formula R4(R8)N-S(0)2C1 are commercially available; others can be prepared using 
known synthetic methods. 

Compounds of Formula XXVIII, wherein Rg is other than hydrogen can be 
prepared by reductive alkylation of the amino-substituted lJ¥-imidazo[4,5-c]quinolin-4- 

1 5 amine of Formula XXVII. The alkylation is conveniently carried out in two parts by (i) 
adding an aldehyde or ketone to a solution of an amino-substituted li/-imidazo[4,5- 
c]quinolin-4-amine of Formula XXVII or a salt thereof in a suitable solvent such as DMF 
in the presence of a base such as A^,A^-diisopropylethylamine. In part (ii) the reduction is 
carried out by adding a suitable reducing agent such as the borane-pyridine complex. Both 

20 part (i) and part (ii) can be carried out at ambient temperature, and the product or a 

pharmaceutically acceptable salt thereof can be isolated using conventional methods. The 
resulting compound can undergo reaction with an acid chloride, sulfonyl chloride, sulfonic 
anhydride, isocyanate, or carbamoyl chloride as described above to provide a compound 
of Formula XXVIII, wherein Rg is other than hydrogen. 

25 
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Reaction Scheme IV 



10 




(2) 






15 



xxvm 



For some embodiments, compounds of the invention can be prepared according to 
Reaction Scheme V, wherein Rj, R2, Za, R, and n are as defined above; LG is a leaving 
group such as -CI, -Br, -I, -0(SO)2CH3, or -0(SO)2CF3; Rsc is -Zb-Y-R4, -Zb-Y.X-Y-R4, 
-Zb-Rs, -Zb-Het, -Zb"Het -R4, and -Zb-Het -Y-R4, wherein Zb is selected from the group 
consisting of alkylene, alkenylene, and alkynylene interrupted with one or more -O- 
groups, and X, Y, R4, R5, Het, and Het' are as defined above; and Rsd is -Het, -Het'-R4, 
-Het'-Y.R4, -S-R4, -S(0)2-R4, or 
— N— R^-y-Q-R, 

^7 , wherein Y, R4, R7, Q, Het, and Het' are as defined above. 

In step (1) of Reaction Scheme V, an ester-substituted compound of Formula XX 
is reduced to a hydroxyalkyl-substituted l//-imidazo[4,5-c]quinolin-4-amine of Formula 
XXX using conventional methods. For example, the reduction may be carried out at room 
temperature with lithium borohydride in a suitable solvent such as THF. The product or a 
pharmaceutically acceptable salt thereof can be isolated by conventional methods. 
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In Step (2a) of Reaction Scheme V, a hydroxy-substituted compound of Formula 
XXX is converted to an ether substituted l//-imidazo[4,5-c]quinolin-4-amine of Formula 
XXXI, which is a subgenus of Foimulas I and II, using a Williamson-type ether synthesis. 
The reaction is effected by treating a compound of Formula XXX Avith a halide of Formula 
S Halide-Rsc in the presence of a base. The reaction can be carried out by combining the 

* 

halide with a compound of Formula XXX in a suitable solvent such as DMF in the 
presence of a base such as cesium carbonate. The reaction can be carried out at ambient 
temperature or at an elevated temperature, for example, 60 to 85 °C. Alternatively, the 
reaction can be carried out by treating a solution of a compound of Formula XXX in a 

1 0 suitable solvent such as DMF with sodium hydride and then adding the halide. 

In step (2) of Reaction Scheme V, a hydroxy-substituted compound of Formula 
XXX is converted to a leaving group in a compound of Formula XXXII using a variety of 
conventional methods. For example, a hydroxy-substituted compound of Formula XXX 
can be chlorinated to provide a compound of Formula XXXII wherein LG is -CI. 

1 5 Conventional chlorinating reagents can be used. The reaction is conveniently carried out 
by combining a compoimd of Formula XXX with thionyl chloride in a suitable solvent 
such as dichloromethane and heating. Alternatively, the reaction may be run neat. A 
hydroxy-substituted compoimd of Formula XXX can also be treated with methanesulfonic 
anhydride to provide a compound of Formula XXXII wherein LG is -0(SO)2CH3. 

20 In step (3) of Reaction Scheme V, the chloro group on a compoimd of Formula 

XXXII can be displaced by a thiol under basic conditions to provide a compound of 
Formula XXXIII wherein Raa is -S-R4. The reaction is conveniently carried out by adding 
a thiol to a solution of a compound of Formula XXXII in the presence of a base such as 
potassium /err-butoxide in a suitable solvent such as DMF. The product or a 

25 pharmaceutically acceptable salt thereof can be isolated by conventional methods. A 

compound of Formula XXXIII where Rsd is -S-R4 can then be oxidized to a compound of 
Formula XXXIII where Rsd is -S(0)2-R4 using conventional oxidizing agents. The 
reaction is conveniently carried out by adding peracetic acid to the compound of Formula 

XXXIII where Raa is -S-R4 in a suitable solvent. The conversion of a compound of 
30 Formula XXXII to a compound of Formula XXXIII where Rsd is -S(0)2-R4 can 

conveniently be carried out in one pot without isolating the thioether from the reaction 
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mixture. The product or a pharmaceutically acceptable salt thereof can be isolated by 

conventional methods. 

The chloro group on a compound of Formula XXXII can also be displaced by an 
H~N — R7— N-Q-R4 

amine of Formula 7 ^ several of which are commercially available. 

5 Other amines of this formxila can be prepared by conventional methods. The reaction is 
conveniently carried out by combining a compound of Formula XXXII with the amine in 
the presence of a base such as potassium carbonate and in a suitable solvent such as DMF. 
Catalytic sodium iodide can optionally be added. The reaction can be carried out at an 
elevated temperature such as 50 ""C or 90-100 °C, and the product can be isolated by 
1 0 conventional methods. These reaction conditions can also be used employing a variety of 
cyclic secondary amines, such as substituted or unsubstituted pyrrolidines, piperidines, or 
morpholines, to provide compounds of Formula XXXIII wherein Rsd is -Het, -Het'-R4, or 
-Het'-Y-R4, wherein Het or Het' is attached to the -CH2- group at a nitrogen atom. 

Reaction Scheme V 



15 
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For some embodiments, compounds of the invention can be prepared according to 
Reaction Scheme VI wherein Ri, R2, R3a> Rsbj R> Hal, and n are as defined above. In step 
(1) of Reaction Scheme VI, an aminopyridine of Formula XXXIV is treated with the 
condensation product generated from 2,2-dimethyl-l,3-dioxane-4,6-dione (Meldrum's 
5 acid) and triethyl orthoformate to provide an imine of Formula XXXV. The reaction is 

conveniently carried out by adding a solution of an aminopyridine of Formula XXXTV to a 
heated mixture of Meldrum's acid and triethyl orthoformate and heating the reaction at an 
elevated temperature such as 70 °C. 

In step (2) of Reaction Scheme VI, an imine of Formula XXXV undergoes 
10 thermolysis and cyclization to provide a [l,5]naphthyridin-4-ol of Formula XXXVI. The 
reaction is conveniently carried out in a medium such as DOWTHERM A heat transfer 
fluid at a temperature in the range of 200 to 250 °C. 

In step (3) of Reaction Scheme VI, the [1 ,5]naphthyridin-4-ol of Formula XXXVI 
is nitrated under conventional nitration conditions to provide a 3-nitro[l,5]naphthyridin-4- 
15 ol of Formula XXXVII. The reaction is conveniently carried out by heating the 

[l,5]naphthyridin-4-ol of Formula XXXVI in nitric acid at an elevated temperature such as 
90 °C 

In step (4) of Reaction Scheme VI, a 3-nitro[l,5]naphthyridin-4-ol of Formula 
XXXVn is chlorinated using conventional chlorination chemistry to provide a 4-chloro-3- 

20 nitro[l,5]naphthyridine of Formula XXXVIII. The reaction is conveniently carried out by 
treating the 3-nitro[l,5]naphthyridin-4-ol of Formula XXXVII with phosphorous 
oxychloride in a suitable solvent such as DMF. The reaction can be carried out at ambient 
temperature or at an elevated temperature such as 100 ^'C. 

In step (5) of Reaction Scheme VI, a 4-chloro-3-nitro[l,53naphthyridine of 

25 Formula XXXVTII is treated with an amine of Formula R1-NH2 to provide a 3- 

nitro[l,5]naphthyridin-4-amine of Formula XXXIX. Several amines of Formula R1-NH2 
are commercially available; others can be prepared by known synthetic methods. The 
reaction is conveniently carried out by adding the amine of Formula R|-NH2 to a solution 
of the 4-chloro-3-nitro[l,5]naphthyridine of Formula XXXIX in a suitable solvent such as 

30 dichloromethane or methanol in the presence of a tertiary amine such as triethylamine. 
The reaction can be carried out at ambient temperature or at a sub-ambient temperature 
such as, for example, 0 °C. 
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In step (6) of Reaction Scheme VI, a 3-nitro[l,5]naphthyridin-4-amine of Formula 
XXXEX is reduced to provide a [l,5]naphthyridine-3,4-diamine of Formula XL. The 
reaction can be carried out by hydrogenation using a heterogeneous hydrogenation catalyst 
such as platinum on carbon. The hydrogenation is conveniently carried out in a Parr 
5 apparatus in a suitable solvent such as toluene, methanol, or acetonitrile. The reaction can 
be carried out at ambient temperature. 

Alternatively, the reduction in step (6) can be carried out using a one- or two-phase 
sodium dithionite reduction. The reaction is conveniently carried out using the conditions 
described by Park, K. K.; Oh, C. H.; and Joung, W. K,; Tetrahedron Lett, 34, pp. 7445- 

1 0 7446 (1 993) by adding sodium dithionite to a compound of Formula XXXIX in a mixture 
of dichloromethane and water at ambient temperature in the presence of potassium 
carbonate and ethyl viologen dibromide, ethyl viologen diiodide, or l,r-di-«-octyl-4,4 - 
bipyridinium dibromide. 

In step (7) of Reaction Scheme VI, a [l,5]naphthyridine-3,4-diamine of Formula 

15 XL is treated with a carboxylic acid equivalent to provide a l/f-imidazo[4,5- 

c][l,5]naphthyridine of Formula XLI. Suitable carboxylic acid equivalents include 
orthoesters of Formula R2C(0-alkyl)3, 1 , 1 -dialkoxyalkyl alkanoates of Formula 
R2C(0-alkyl)2(0-C(0)-alkyl), and acid chlorides of Formula R2C(0)C1. The selection of 
the carboxylic acid equivalent is determined by the desired substituent at R2. For example, 

20 triethyl orthoformate will provide a compound where R2 is hydrogen, and trimethyl 
orthovalerate will provide a compound where R2 is a butyl group. The reaction is 
conveniently carried out by adding the carboxylic acid equivalent to a [l,5]naphthyridine- 
3,4-diamine of Formula XL in a suitable solvent such as toluene or xylenes. Optionally, 
catalytic pyridine hydrochloride can be added. The reaction is carried out at a temperature 

25 high enough to drive off alcohol or water formed during the reaction. Conveniently, a 
Dean-Stark trap can be used to collect the volatiles. 

Alternatively, step (7) can be carried out in two steps when an acid chloride of 
Formula R2C(0)C1 is used as the carboxylic acid equivalent. Part (i) of step (7) is 
conveniently carried out by adding the acid chloride to a solution of a [l,5]naphthyridine- 

30 3,4-diamine of Formula XL in a suitable solvent such as dichloromethane or acetonitrile to 
afford an amide. Optionally, a tertiary amine such as triethylamine, pyridine, or 4- 
dimethylaminopyridine can be added. The reaction can be carried out at room 
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temperature. The amide product can be isolated and optionally purified using 
conventional tecliniques. Part (ii) of step (7) involves heating the amide prepared in part 
(i) to provide a l//-imidazo[455-c][l,5]naphthyridine of Formula XLI. The reaction is 
conveniently carried out in a suitable solvent such as toluene at a temperature stifficient to 
5 drive off water formed during the reaction. The reaction can also be carried out in a 
solvent such as ethanol or methanol in the presence of a base such as triethylamine. 

In steps (8) and (9) of Reaction Scheme VI, a l/?-imidazo[4,5-c][l,5]naphthyridine 
of Formula XLI is first oxidized to a 5 A/^oxide of Formula XLII, which is then aminated to 
provide a ljFf-imidazo[4,5-c][l,5]naphthyridin-4-amine of Formula XLIIL Steps (8) and 

1 0 (9) of Reaction Scheme VI can be carried out according to the methods described in steps 
(3a) and (4a) of Reaction Scheme II. 

In step (10) of Reaction Scheme VI a li/-imidazo[4,5-c][l,5]naphthyridin-4-amine 
of Formula XLIII undergoes a metal-mediated coupling reaction to provide a compound of 
Formula Illa, which may be reduced, when appropriate, in step (1 1) to a compoimd of 

1 5 Formula Illb. Compounds of Formula Ilia and Illb are subgenera of Formula III. Steps 
(10) and (11) of Reaction Scheme VI can be carried out according to the methods 
described in steps (1) and (2) of Reaction Scheme I, and the products or pharmaceutically 
acceptable salts thereof can be isolated by conventional methods. 

Isomers of the compound of Formula XXXIV or Formula XXXVI can also be 

20 synthesized and can be used to prepare compounds of Formulas IV, V, and VI according 
to the methods shown in Reaction Scheme VL 

For some embodiments, compounds m Reaction Scheme VI can be further 
elaborated using conventional synthetic methods. For example, an amine of Formula 
R1-NH2 may be substituted by a hydroxy or second amino group, which may be further 

25 functionalized before step (7) of Reaction Scheme VL Several examples of synthetic 

elaborations of an Ri group on an imidazo ring compound are known. See, for example, 
U.S. Patent Publication Application No. US 2004/0147543 and the documents cited 
therein. 

Similar synthetic transformations can be made at R2 if, for example, the acid 
30 chloride used in step (7) of Reaction Scheme VI contains a protected hydroxy or amino 
group. Several acid chlorides of this type, for example acetoxyacetyl chloride, are 
commercially available. Others can be prepared by known synthetic methods. For 
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examples of synthetic elaborations of an R2 group on an imidazo ring compound, see U.S. 
Patent No. 5,389,640 (Gerster et al.). 

Reaction Scheme VI 




XXXIV XXXV XXXVI XXXVII 



(4) 




In some embodiments, compounds of the invention can be prepared according to 
Reaction Scheme VII, wherein R, Ri, R2, R4, Rg, Q, Hal, and n are as described above. 

In step (1) of Reaction Scheme VII, the Heck reaction is used to couple a halogen 
substituted l//-imida2o[4,5-c]quinoline of Formula XV with acrylonitrile to provide a IH- 
imidazo[4,5-c]quinoline of Formula XLIV. The reaction can be carried out as described in 
step (1) of Reaction Scheme I. 

In step (2) of Reaction Scheme VII, both the nitrile and the alkenylene groups in a 
lif-imidazo[4,5-c]quinoline of Formula XLIV are reduced to provide an aminoalkyl 



56 



wo 2006/091394 



PCT/US2006/004713 



substituted li/-imidazo[4,5-c]quinoline of Formula XLV. The reduction can be carried 
out by hydrogenation using a conventional heterogeneous hydrogenation catalyst such as 
palladium on carbon. The reaction can be carried out on a Parr apparatus in a suitable 
solvent mix, such as methanol and trifluoroacetic acid. 

In step (3) of Reaction Scheme VII, the amino group of a l/f-imidazo[4,5- 
c]qumoline of Formula XLV is further elaborated using the methods described in step (6) 
of Reaction Scheme IV to provide a li/-imidazo[4,5-c]quinoline of Formula XLVI, which 
is a subgenus of Formulas I and H. The product or a pharmaceutically acceptable salt 
thereof can be isolated using conventional methods. 

Reaction Scheme VII 




XLIV XLV 

(3) 

NHo 




In some embodiments, compounds of the invention can be prepared according to 
Reaction Scheme VIII, wherein R, Ri, R2, and n are as described above. 

In step (1) of Reaction Scheme VIII, the alkenylene bond in a l//-imidazo[4,5- 
c]quinoline of Formula XLIV is reduced to provide a 17/-imidazo[4,5-c]quinoline of 
Formula XLVII. The reduction can be carried out as described in step (2) of Reaction 
Scheme 1. 

In step (2) of Reaction Scheme VIII, the nitrile group in a l//-imidazo[4,5- 
c]quinoline of Formula XLVII is hydrolyzed to provide a li/-imidazo[4,5-c]quinoline of 
Formula XLVIII, which is a subgenus of Formulas I and II The reaction can be carried 
out by treating a solution of a compound of Formula XLVII in a suitable solvent such as 
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methanol with aqueous sodium hydroxide and aqueous hydrogen peroxide. The reaction 
can be carried out at an elevated temperature, such as for example, 50 °C, and the product 
or a pharmaceutically acceptable salt thereof can be isolated using conventional methods. 

Reaction Scheme VIII 




XLIV XLVII XLVlll 



In some embodiments, compounds of the invention can be prepared according to 
Reaction Scheme DC, wherein R, Rj, R2, R4, Rs, Zg, and n are as described above. 

In step (1) of Reaction Scheme DC, the chloro group of a l//-imidazo[4,5- 
c]quinoline of Formula XXXIIa, which is a subgenus of Formula XXXII wherein LG is 
chloro, is displaced with potassium thioacetate to provide a 17f-imidazo[4,5-c]quinoline of 
Formula XLIX. The reaction can be carried out at ambient temperature by adding 
potassium thioacetate to a solution of a compound of Formula XXXIIa in a suitable 
solvent such as DMF. 

In step (2) of Reaction Scheme IX, the thioacetate group of a l//-imidazo[4,5- 
c]quinoline of Formula XLIX is hydrolyzed under basic conditions to provide a thiol 
substituted l//-imidazo[4,5-c]quinoline of Formula L. The reaction can be carried out by 
adding a solution of sodium methoxide in methanol to a solution of a compovind of 
Formula XLDC in a suitable solvent such as methanol. The reaction can be carried out at 
ambient temperature. 

In step (3) of Reaction Scheme IX, the thiol group of a lif-imidazo[4,5-c]quinoline 
of Formula L is oxidized to provide a sulfonyl chloride substituted l//-imidazo[4,5- 
c]quinoline of Formula LI, The reaction can be carried out by adding a solution of sodium 
chlorate in water to a solution of a compound of Formula L in hydrochloric acid. The 
reaction can be carried out at a sub-ambient temperature, such as for example, 0 ®C. 

In step (4) of Reaction Scheme DC, a sulfonyl chloride substituted l//-imidazo[4,5- 
c]quinoline of Formula LI is treated with an amine to provide a sulfonamide substituted 
l/f-imidazo[4,5-c]quinoline of Formula LII, which is a subgenus of Formulas I and II. 
The reaction can be carried out by adding an amine of Formula HN(R4)(R8) to a 
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compound of Formula LI in a suitable solvent such as dichloromethane or pyridine. The 
reaction can be carried out at ambient temperature. 

Reaction Scheme IX 




In some embodiments, compounds of the invention can be prepared according to 
Reaction Scheme X, wherein R, Ri, R2, R4, Rg, Q, and n are as described above. 

In step (1) of Reaction Scheme X, a vinyl substituted l//-imidazo[4,5-c]quinoline 
of Formula LIII undergoes ozonolysis to provide an aldehyde substituted li/-imida2X)[4,5- 
c]quinoline of Formula LIV. The reaction can be carried out by bubbling ozone through a 
solution of a compound of Formula LID in a suitable solvent such as dichloromethane and 
then quenching with triphenylphosphine. The reaction can be carried out at a sub-ambient 
temperature, such as 0 °C. Some vinyl substituted l^-imidazo[4,5-c]quinolines of 
Formula LIII are known; others can be prepared using known synthetic methods. See for 
example, U.S. Patent Application No. 2004/0147543 and the documents cited therein. 

In step (2) of Reaction Scheme X, an aldehyde substituted lJ7-imidazo[4,5- 
c]quinolme of Formula LIV is reduced to provide a hydroxy substituted l//-imidazo[4,5- 
cjquinoline of Formula LV. The reaction can be carried out by treating a solution of a 
compound of Formula LIV in a suitable solvent such as THF with sodium borohydride. 
The reduction can be carried out at ambient temperature or at a sub-ambient temperature, 
such as 0 °C. 

In step (3) of Reaction Scheme X, a hydroxy substituted l//-imidazo[4,5- 
cjquinoline of Formula LV is chlorinated using conventional methods to provide a chloro 
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substituted lif-iinidazo[4,5-c]quinoline of Formula LVL The reaction can be carried out 
by treating a solution of a compound of Formula LV in a suitable solvent such as 
dichloromethane with thionyl chloride. 

In step (4) of Reaction Scheme X, the chloro group of a lif-imidazo[4,5- 
cjquinoline of Formula LVI is displaced to provide an azido substituted l/f-imidazo[4,5- 
cjquinoline of Formula LVII. The reaction can be carried out by treating a solution of a 
compound of Formula LVI in a suitable solvent such as DMF with sodium azide. 

In step (5) of Reaction Scheme X, the azido group of a li/-imidazo[4,5-c]quinoline 
of Formula LVII is reduced to provide an aminomethyl substituted liy-imidazo[4,5- 
c]quinoline of Formula LVIIL The reduction can be carried out using conventional 
methods such as, for example, catalytic hydrogenation. 

In step (6) of Reaction Scheme X, the amino group of a li/-imidazo[4,5- 
c]quinoline of Formula LVni is further elaborated using the methods described in step (6) 
of Reaction Scheme IV to provide l//-imidazo[4,5-c]quinoline of Formula LIX, which is a 
subgenus of Formulas I and II. The product or a pharmaceutically acceptable salt thereof 
can be isolated using conventional methods. 
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Reaction Scheme X 




^8 LIX 

For certain embodiments, compounds of the invention can be prepared according 



to Reaction Scheme XI, wherein Ra, Rb, Rh R2, and G are as defined above. Compounds 
5 of Formula la can be prepared according to the methods described above. The amino 
group of a compound of Formula la can be converted by conventional methods to a 
functional group such as an amide, carbamate, urea, amidine, or another hydrolyzable 
group. A compound of this type can be made by the replacement of a hydrogen atom in an 
amino group with a group such as -C(0)-R'", a-aminoacyl, a-aminoacyl-a-aminoacyl, 

10 -C(0)-0-R'", -C(0)-N(R"")-R'", -C(=NYO-R'", -CH(OH)-C(0)-OY', -CH(OCMalkyl)Yo, 
-CH2Y1, or -CH(CH3)Yi; wherein R" and R"" are each independently d-ioalkyl, 
C3-7 cycloalkyl, phenyl, or benzyl, each of which may be unsubstituted or substituted by 
one or more substituents independently selected from the group consisting of halogen, 
hydroxy, nitro, cyano, carboxy, C\.s aikyl. Cm alkoxy, aryl, heteroaryl, arylCi-4 alkylenyl, 

1 5 heteroarylCM alkylenyl, haloCM alkylenyl, haloCM alkoxy, -0-C(0)-CH3, -C(0)-0-CH3, 
-C(0)-NH2, -0-CH2-C(0)-NH2, -NH2, and -S(0)2-NH2; with the proviso that R"" may 
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also be hydrogen; each a-aminoacyl group is independently selected from racemic, D, or 
L-amino acids; is hydrogen, Ci-6 alkyl, or benzyl; Yo is C\.e alkyl, 
carboxyC|-6 alkylenyl, aminoCM alkylenyl, mono-7V-Ci^ aikylaminoCM alkylenyl, or di- 
iy;//-Ci-6alkylaminoCi^alkylenyl; and Yi ismono-iV-Ci-ealkylamino, 
di-iViiV-Ci^ alkylamino, morphoiin-4-yl, piperidin-l-yl, pyrrolidin-l-yl, or 
4-Cm alkyIpiperazin-1 -yl. Particularly useful compounds of Formula XVI are amides 
derived from carboxylic acids containing one to ten carbon atoms, amides derived from 
amino acids, and carbamates containing one to ten carbon atoms. The reaction can be 
carried out, for example, by combining a compound of Formula la with a chloroformate or 
acid chloride, such as ethyl chloroformate or acetyl chloride, in the presence of a base such 
as triethylamine in a suitable solvent such as dichloromethane at room temperature. 

Reaction Scheme XI 

Rb T \ Rb T \ 

Ra Ri Ra Ri 

la VII 

Compounds of the invention can also be prepared using variations of the synthetic 
routes shown in Reaction Schemes I through X that would be apparent to one of skill in 
the art. For example, the synthetic routes shown in Reaction Schemes II through V for the 
preparation of imidazoquinolines can be used to prepare imidazo[l,5]naphthyridines by 
using a compound of Formula XLIII or XLI in lieu of a compound of Formula XV or 
XVI. Also, the reduction shown in step (2) of Reaction Scheme III or IV may be 
eliminated to provide compounds of the invention, wherein Z contains a carbon-carbon 
double bond. Compounds of the invention can also be prepared using the synthetic routes 
described in the EXAMPLES below. 

Pharmaceutical Compositions and Biological Activity 

Pharmaceutical compositions of the invention contain a therapeutically effective 
amount of a compound or salt described above in combination with a pharmaceutically 
acceptable carrier. 
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The terms "a therapeutically effective amount" and "effective amount" mean an 
amount of the compound or salt sufficient to induce a therapeutic or prophylactic effect, 
such as cytokine induction, immunomodulation, antitumor activity, and/or antiviral 
activity. The exact amount of compound or salt used in a pharmaceutical composition of 
5 the invention will vary according to factors known to those of skill in the art, such as the 
physical and chemical nature of the compound or salt, the nature of the carrier, and the 
intended dosing regimen. 

In som6 embodiments, the compositions of the invention will contain sufficient 
active ingredient or prodrug to provide a dose of about 1 00 nanograms per kilogram 

1 0 (ng/kg) to about 50 milligrams per kilogram (mg/kg), preferably about 1 0 micrograms per 
kilogram (|ig/kg) to about 5 mg/kg, of the compound or salt to the subject. 

In other embodiments, the compositions of the invention will contain sufficient 
active ingredient or prodrug to provide a dose of, for example, from about 0.01 mg/m^ to 
about 5.0 mg/m , computed according to the Dubois method, in which the body surface 

15 area of a subject (m^) is computed using the subject's body weight: m^ = (wt kg^ "^^^ x 

height cm^-^^^) x 0.007184, although in some embodiments the methods may be performed 
by administering a compound or salt or composition in a dose outside this range, hi some 
of these embodiments, the method includes administering sufficient compound to provide 
a dose of from about 0. 1 mgW to about 2.0 mg/ m^ to the subject, for example, a dose of 

20 from about 0.4 mg/m to about 1 .2 mg/m . 

A variety of dosage forms may be used, such as tablets, lozenges, capsules, 
parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal 
patches, transmucosal patches and the like. These dosage forms can be prepared with 
conventional pharmaceutically acceptable carriers and additives using conventional 

25 methods, which generally include the step of bringing the active ingredient into 
association with the carrier. 

The compounds or salts of the invention can be administered as the single 
thempeutic agent in the treatment regimen, or the compoimds or salts described herein 
may be administered in combination with one another or with other active agents, 

30 including additional inmnme response modifiers, antivirals, antibiotics, antibodies, 
proteins, peptides, oligonucleotides, etc. 
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Compounds or salts of the invention have been shown to induce the production of 
certain cytokines in experiments performed according to the tests set forth below. These 
results indicate that the compounds or salts are useful for modulating the immime response 
in a number of different ways, rendering them useful in the treatment of a variety of 
5 disorders. 

Cytolcines whose production may be induced by the administration of compounds 
or salts of the invention generally include interferon-a (IFN-a) and tumor necrosis factor-a 
(TNF-a) as well as certain interleukins (IL). Cytokines whose biosynthesis may be 
induced by compounds or salts of the invention include IFN-a, TNF-a, IL-1, IL-6, IL-10 

10 and IL-1 2, and a variety of other cytokines. Among other effects, these and other 

cytokines can inhibit virus production and tumor cell growth, making the compounds or 
salts useful in the treatment of viral diseases and neoplastic diseases. Accordingly, the 
invention provides a method of inducing cytokine biosynthesis in an animal comprising 
administering an effective amount of a compound or salt of the invention to the animal. 

IS The animal to which the compound or salt is administered for induction of cytokine 
biosynthesis may have a disease as described infra^ for example a viral disease or a 
neoplastic disease, and administration of the compound or salt may provide therapeutic 
treatment. Alternatively, the compound or salt may be administered to the animal prior to 
the animal acquiring the disease so that administration of the compound or salt may 

20 provide a prophylactic treatment 

In addition to the ability to induce the production of cytokines, compounds or salts 
described herein can aflfect other aspects of the innate immune response. For example, 
natural killer cell activity may be stimulated, an effect that may be due to cytokine 
induction. The compounds or salts may also activate macrophages, which in turn 

25 stimulate secretion of nitric oxide and the production of additional cytokines. Further, the 
compoxmds or salts may cause proliferation and differentiation of B-lymphocytes. 

Compoxmds or salts described herein can also have an effect on the acquired 
immxme response. For example, the production of the T helper type 1 (ThI) cytokine IFN- 
Y may be induced indirectly and the production of the T helper type 2 (Th2) cytokines IL- 

30 4, IL-5 and IL-1 3 may be inhibited upon administration of the compounds or salts. 

Whether for prophylaxis or therapeutic treatment of a disease, and whether for 
effecting innate or acquired inununity, the compound or salt or composition may be 
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administered alone or in combination with one or more active components as in, for 
example, a vaccine adjuvant. When administered with other components, the compound 
or salt or composition and other component or components may be administered 
separately; together but independently such as in a solution; or together and associated 
5 with one another such as (a) covalently linked or (b) non-covalently associated, e.g., in a 
colloidal suspension. 

Conditions for which compounds or salts or compositions identified herein may be 
used as treatments include, but are not limited to: 

(a) viral diseases such as, for example, diseases resulting from infection by an 
10 adenovirus, a herpesvirus (e.g., HSV-I, HSV-II, CMV, or VZV), a poxvirus (e.g., an 

orthopoxvirus such as variola or vaccinia, or moUuscum contagiosum), a picomavirus 
(e.g., rhinovirus or enterovirus), an orthomyxovhrus (e.g., influenzavirus), a paramyxovirus 
(e.g., parainfluenzavirus, mumps virus, measles virus, and respiratory syncytial virus 
(RSV)), a coronavirus (e.g., SARS), a papovavirus (e.g., papillomaviruses, such as those 
1 5 that cause genital warts, common warts, or plantar warts), a hepadnavirus (e.g., hepatitis B 
virus), a flavivirus (e.g., hepatitis C virus or Dengue virus), or a retrovirus (e.g., a 
lentivirus such as HIV); 

(b) bacterial diseases such as, for example, diseases resulting from infection by 
bacteria of, for example, the genus Escherichia, Enterobacter, Salmonella, Staphylococcus, 

20 Shigella, Listeria, Aerobacter, Helicobacter, Klebsiella, Proteus, Pseudomonas, 

Streptococcus, Chlamydia, Mycoplasma, Pneumococcus, Neisseria, Clostridium, Bacillus, 
Corynebacterium, Mycobacterium, Campylobacter, Vibrio, Serratia, Providencia, 
Chromobacterium, Brucella, Yersinia, Haemophilus, or Bordetella; 

(c) other infectious diseases, such as chlamydia, fungal diseases including but not 
25 limited to candidiasis, aspergillosis, histoplasmosis, cryptococcal meningitis, or parasitic 

diseases including but not limited to malaria, Pneumocystis camii pneumonia, 
leishmaniasis, cryptosporidiosis, toxoplasmosis, and trypanosome infection; 

(d) neoplastic diseases, such as intraepithelial neoplasias, cervical dysplasia, 
actinic keratosis, basal cell carcinoma, squamous cell carcinoma, renal cell carcinoma, 

30 Kaposi's sarcoma, melanoma, leukemias including but not limited to acute myeloid 

leukemia, acute lymphocytic leukemia, chronic myeloid leukemia, chronic lymphocytic 
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leukemia, multiple myeloma, Hodgkin's lymphoma, non-Hodgkin's lymphoma, cutaneous 
T-cell lymphoma, B-cell lymphoma, and hairy cell leukemia, and other cancers; 

(e) TH2-mediated, atopic diseases, such as atopic dermatitis or eczema, 
eosinophilia, asthma, allergy, allergic rhinitis, and Ommen's syndrome; 

(f) certain autoimmune diseases such as systemic lupus erythematosus, essential 
thrombocythaeraia, multiple sclerosis, discoid lupus, alopecia areata; and 

(g) diseases associated with wound repair such as, for example, inhibition of keloid 
formation and other types of scarring (e.g., enhancing wound healing, including chronic 
wounds). 

Additionally, a compoimd or salt identified herein may be useful as a vaccine 
adjuvant for use in conjunction with any material that raises either humoral and/or cell 
mediated immune response, such as, for example, live viral, bacterial, or parasitic 
immunogens; inactivated viral, tumor-derived, protozoal, organism-derived, fungal, or 
bacterial inmiunogens; toxoids; toxins; self-antigens; polysaccharides; proteins; 
glycoproteins; peptides; cellular vaccines; DNA vaccmes; autologous vaccines; 
recombinant proteins; and the like, for use in connection with, for example, BCG, cholera, 
plague, typhoid, hepatitis A, hepatitis B, hepatitis C, influenza A, influenza B, 
parainfluenza, polio, rabies, measles, mumps, rubella, yellow fever, tetanus, diphtheria, 
hemophilus influenza b, tuberculosis, meningococcal and pneumococcal vaccines, 
adenovirus, HIV, chicken pox, cytomegalovirus, dengue, feline leukemia, fowl plague, 
HSV-1 and HSV-2, hog cholera, Japanese encephalitis, respiratory syncytial virus, 
rotavirus, papilloma virus, yellow fever, and Alzheimer's Disease. 

Compoimds or salts identified herein may be particularly helpful in individuals 
having compromised immune function. For example, compounds or salts may be used for 
treating the opportunistic infections and tumors that occur after suppression of cell 
mediated immimity in, for example, transplant patients, cancer patients and HIV patients. 

Thus, one or more of the above diseases or types of diseases, for example, a viral 
disease or a neoplastic disease may be treated in an animal in need thereof (having the 
disease) by administering a therapeutically effective amount of a compound or salt of the 
invention to the animal. 

An animal may also be vaccinated by administering an effective amount of a 
compound or salt described herein, as a vaccine adjuvant. In one embodiment, there is 
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provided a method of vaccinating an animal comprising administering an effective amount 
of a compound or salt described herein to the animal as a vaccine adjuvant. 

An amount of a compound or salt effective to induce cytokine biosynthesis is an 
amount suflBcient to cause one or more cell types, such as monocytes, macrophages, 
5 dendritic cells and B-cells to produce an amount of one or more cytokines such as, for 
example, IFN-a, TNF-a, IL-1, IL-6, IL-10 and IL-12 that is increased (induced) over a 
background level of such cytokines. The precise amount will vary according to factors 
known in the art but is expected to be a dose of about 100 ng/kg to about 50 mg/kg, 
preferably about 10 ^ig/kg to about 5 mg/kg. In other embodiments, the amoxmt is 
10 expected to be a dose of, for example, from about 0.01 mg/m to about 5.0 mg/m , 
(computed according to the Dubois method as described above) although in some 
embodiments the induction or inhibition of cytokine biosynthesis may be performed by 
administering a compound or salt in a dose outside this range. In some of these 
embodiments, the method includes administering sufficient compound or sah or 
1 5 composition to provide a dose of from about 0. 1 mg/m to about 2.0 mg/ m to the subject, 
for example, a dose of from about 0.4 mg/m^ to about 1 .2 mg/m^. 

The invention also provides a method of treating a viral infection in an animal and 
a method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compoimd or salt of the invention to the animal. An amount 
20 effective to treat or inhibit a viral infection is an amount that will cause a reduction in one 
or more of the manifestations of viral infection, such as viral lesions, viral load, rate of 
virus production, and mortality as compared to untreated control animals. The precise 
amount that is effective for such treatment will vary according to factors laiown in the art 
but is expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 
25 |ig/kg to about 5 mg/kg. An amount of a compound or sah effective to treat a neoplastic 
condition is an amount that will cause a reduction in tumor size or in the number of tumor 
foci. Again, the precise amount will vary according to factors known in the art but is 
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 jig/kg to 
about 5 mg/kg. In other embodiments, the amount is expected to be a dose of, for 
30 example, from about 0.01 mg/m^ to about 5.0 mg/m^, (computed according to the Dubois 
method as described above) although in some embodiments either of these methods may 
be performed by administering a compound or salt in a dose outside this range. In some of 
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these embodiments, the method mcludes administering sufficient compound or sah to 
provide a dose of from about 0. 1 mg/m to about 2.0 mg/ m to the subject, for example, a 
dose of from about 0.4 mg/m^ to about 1 .2 mg/m^. 

In addition to the formulations and uses described specifically herein, other 
formulations, uses, and administration devices suitable for compounds of the present 
invention are described in, for example, International Publication Nos. WO 03/077944 and 
WO 02/036592, U.S. Patent No. 6,245,776, and U.S. Publication Nos. 2003/0139364, 
2003/185835, 2004/0258698, 2004/0265351, 2004/076633, and 2005/0009858. 

Objects and advantages of this invention are ftirther illustrated by the following 
examples, but the particular materials and amounts thereof recited in these examples, as well 
as other conditions and details, should not be construed to unduly limit this invention. 

EXAMPLES 
Example 1 

2-Ethoxymethyl- 1 -(3 -isopropoxypropy l)-7-[(£)-2-(phenylthio)ethenyl]- 1 //-imid^ 

c]quinolin-4-amine 




Part A 

7-Bromo-4-chloro-3-nitroquinoline (40 g) was dissolved in dichloromethane (1.4 
L) and triethylamine (23.3 mL). 3-Isopropoxypropylamine (19.3 mL) was added 
dropwise. After 48 hours, the reaction mixture was washed successively with water and 
saturated aqueous sodium chloride. The organic fraction was dried over anhydrous 

4 

sodium sulfate, filtered and concentrated under reduced pressure. (7-Bromo-3- 
nitroquinolin-4-yl)-(3-isopropoxypropyl)amine was isolated as a tan solid (51.2g). 
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PartB 

(7-Bromo-3-mtroquinolin-4-yl)-(3-isopropoxypropyl)amine (51 g) was slurried in 
acetonitrile (750 mL) and added to a Parr flask containing 5% platiniun on carbon (5 g). 
The flask was degassed three times, then charged with hydrogen (30 psi) and shaken for 4 
5 hours with replenishment of the hydrogen as necessary. The platinum catalyst was 

removed by filtration through a bed of CELITE filter agent. The filtrate was evaporated to 
afford 7-bromo-N^-(3-isopropoxypropyl)quinoline-3,4-diamine as a yellow oil (45 g). 
Parte 

7-Bromo-N'*-(3-isopropoxypropyl)quinoline-3,4-diamine (45 g) was dissolved in 
1 0 acetonitrile (1 .3 L) and triethylamme (1 9.4 mL), Ethoxyacetyl chloride (1 8.0 g) was 

added dropwise to the solution and the reaction was stirred for 16 hours. The solvent was 
removed xmder reduced pressure to afford a tan solid. The solid was added to a solution of 
ethanol (1 L) and triethylamine (77.5 mL) and heated at reflux for 4 hours. The solvent 
was removed under reduced pressure. Water was added to the solid residue and the crude 
1 5 product was recovered by filtration. Recrystallization from acetonitrile yielded 36.25 g of 
7-bromo-2-^thoxymethyl-l-(3-isopropoxypropyl)-l/f-inudazo[4,5-c]quinolin^ as a tan 
crystalline solid. 
PartD 

7-Bromo-2-ethoxymethyl- 1 -(3 -isopropoxypropy 1)- 1 i/-imidazo [4,5 -c]quinoline (20 
20 g) was dissolved in chloroform (400 mL). 3-Chloroperoxybenzoic acid (60 % pure, 17.1 
g) was added in 2 g portions over a 5 minute period and the reaction was stirred for 1 hour. 
Ammonium hydroxide (300 mL) was added and the mixture was cooled to 5 °C with an 
ice/water bath. /?-Toluenesulfonyl chloride (9.4 g) was added at the rate of 1 g/min to 
minimize gas evolution. After stirring for 16 hours, the layers were separated and the 
25 aqueous fi-action was extracted with chloroform. The combined organic fi*actions were 
sequentially washed with 5% aqueous sodium bicarbonate, water and brine; dried over 
anhydrous sodium sulfate, filtered and concentrated under reduced pressure. The residue 
was purified by flash column chromatography on silica gel. The polar component of the 
eluent was chloroform:methanol:ammoni\im hydroxide 80:18:2 (CMA). The purification 
30 was carried out eluting with chloroform: CMA in a gradient from 98:2 to 88: 12. The 

material recovered from the column was recrystallized from acetonitrile to yield 7.0 g of 
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7-bromo-2-ethoxymethy 1- 1 -(3 -isopropoxypropy 1)- 1 //-imidazo [4,5 -c]quinolin-4-ainine as a 
tan granular powder. 



7-Bromo-2-ethoxymethyl- 1 -(3-isopropoxypropyl)- l/f-inudazo[4,5-c]quinolin-4- 
ylamine (1.00 g, 2.46 mmol), tris(2-tolyl)phosphine (16 mg, O.OSmmol) and a stir bar were 
added to a pressure vessel. Palladium(II) acetate (6 mg, 0.025mmol), phenyl vinyl sulfide 
(0.330 mL, 2.53 mraol) and triethylamine (0.685 mL, 4.92 mmol) were subsequently 
added, followed by toluene (5 mL). The vessel was sealed with a TEFLON cap and the 
reaction was heated at 11 0 °C for 40 hoxirs. The reaction mixture was cooled to ambient 
temperature and concentrated under reduced pressure. The residue was purified by flash 
column chromatography (silica gel, eluting v^th a linear gradient of 1-7% methanol in 
dichloromethane), followed by recrystallization from acetonitrile to provide 0.35 g of 2- 
ethoxymethyH-(3-isopropoxypropyl)-7-[(£)-2-(phenylthio)ethenyl]-l//-imidazo[4,5- 
c]quinolin-4-amine hydrobromide as yellow-orange crystals, mp 220-221 °C, 

NMR (300 MHz, DMSO-^/d) 8 13.16 (s, IH), 9.2-8.1 (br s, 2H), 8.29 (d, y = 9.1 Hz, 
IH), 7.93-7.73 (m, 2H), 7.57-7.32 (m, 6H), 6.90 (d, 7= 15.6 Hz, IH), 4.83 (s, 2H), 4.72- 
4.67 (m, 2H), 3.64-3.51 (m, 5H), 2.15-2.02 (m, 2H), 1.18 (t,y= 7.0 Hz, 3H), 1.14 (d, J= 
6.1 Hz, 6H); 

HRMS (ESI) tn/z 477.2323 (477.2324 calcd. for C27H32N4O2S, M+H); 

Anal. Calcd. for C27H32N402S*HBr: C, 58.16; H, 5.97; N, 10.05; Br, 14.33. Found: C, 

58.42; H, 6.49; N, 10.06; Br, 14.28. 

Example 2 

2-Ethoxymethyl- 1 -(3-isopropoxypropyl)-7-[(£)-2-(phenylsulfonyl)ethenyl]- 1 //- 

imidazo[4,5-c]quinolin-4-amine 



PartE 




Part A 
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7-Bromo-2-ethoxymethyl- 1 -(3 -isopropoxypropyl)- 1 /f-imidazo [4,5 -cjquinoline 
(1.00 g, 2.46 mmol), phenyl vinyl sulfone (0.852 g, 5.06 mmol), palladium(II) acetate (12 
mg, 0.05 mmol), and tris(2-tolyl)phosphine (32 mg, 0.10 mmol) were added to a pressure 
tube. Triethylamine (1 .37 mL, 9.84 mmol) and acetonitrile (5 mL) were added. The tube 
5 was flushed with nitrogen, sealed with a TEFLON plug and heated at 1 00 for 96 hours. 
The reaction mixture was cooled to ambient temperature and concentrated under reduced 
pressure. The residue was initially purified by flash column chromatography (silica gel, 
eluting with a gradient of 50%- 100% ethyl acetate in hexanes, followed by a gradient of 
2%-6% methanol in ethyl acetate), Recrystallization of the resulting solid from acetonitrile 
10 provided 0.600 g 7-(2-benzenesulfonylvinyl)-2-ethoxymethyl-l -(3 -isopropoxypropyl)- l/f- 
imidazo[4,5-'C]quinoline as a yellow crystalline solid. 
Parts 

7-(2-Benzenesulfonylvinyl)-2-ethoxymethyl- 1 -(3 -isopropoxypropyl)- 1 //- 
imida2o[4,5-c]quinoline (0.600 g, 1.22 mmol) was dissolved in chloroform (12 mL). 3- 

1 5 Chloroperoxybenzoic acid (60% purity, 0.35 1 g, 1 .22 mmol) was added. The reaction was 
stirred for 30 minutes. Ammonium hydroxide (8 mL) was added and the mixture was 
stirred for 1 0 minutes. j3-Toluenesulfonyl chloride (0.232 g, 1 .22 mmol) was added in one 
portion and the reaction was stirred for an additional 16 hours. The layers were separated 
and the aqueous fiaction was extracted with chloroform. The combined organic fractions 

20 were sequentially washed with water and saturated aqueous sodium chloride, dried over 
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The residue 
was purified by coliunn chromatography using a Horizon HPFC system (an automated, 
modular high-performance flash purification product available from Biotage, Inc.; 
Charlottesville, Virginia, USA). The polar component of the eluent was 

25 chloroformrmethanohammonium hydroxide 80: 1 8:2 (CMA). The purification was carried 
out with a silica cartridge eluting with a linear gradient of 1-22% CMA in chloroform. 
The resulting material was subsequently recrystallized from acetonitrile to yield 0.320 g 2- 
ethoxymethyl- 1 -(3 -isopropoxypropy l)-7-[(£)-2-(phenylsulfonyl)ethenyl]- 1 //-imidazo [4,5 - 
c]quinolin-4-amine as green needles, mp 188.5-190.0 **C. 

30 NMR (300 MHz, DMSO-rf<y) 5 8.20 (d, J= 8.6 Hz, IH), 7.98-7.92 (m, 3H), 7.81-7.60 

(m, 6H), 6.76 (s, 2H), 4.78 (s, 2H), 4.67-4.62 (m, 2H), 3.63-3.44 (m, 5H), 2.13-1.98 (m, 
2H), 1.16(t,y=7.0Hz,3H), 1.15 (d,J= 6.1 Hz, 6H); 
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HRMS (ESI) ?7i/z 509.2218 (509.2223 calcd. for C27H32N4O4S, M+H); 

Anal. Calcd. for C27H32N4O4S*0.8H2O: C, 62.02; H, 6.47; N, 10.72; S, 6.13. Found: C, 

62.03; H, 6.52; N, 10.73; S, 6.12. 

Example 3 

A^-[4-Amino-2-ethoxymethyl-l-(3-isopropoxypropyl)-l//-iniidazo[4,5-c]qm^ 

methylpropanamide 




Part A 

7-Bromo-2-ethoxymethyl-l-(3-isopropoxypropyl)-l^-imidazo[4,5-c]quinoline 
(0.5 g, 1.23 mmol), potassium phosphate (0.548 g, 2.58 mmol), isobutyramide (0.128 g, 
1.48 mmol), copper(I) iodide (46 mg, 0.246 nunol), and trans-(±)-l,2-diaminocyclohexane 
were added to a 2 dram vial. Dioxane (1 .2 mL) and a stir bar were added and the vial was 
sealed with a TEFLON lined cap. The vial was heated at 1 10 °C for 16 hours. The 
reaction was cooled to ambient temperature and then diluted with water and chloroform. 
The layers were separated and the organic fraction was washed with water and saturated 
aqueous sodium chloride. The organic fraction was dried over anhydrous sodium sulfate, 
filtered, and concentrated under reduced pressure. Purification using a HORIZON HPFC 
system (silica cartridge, eluting with a linear gradient of 2-23% CMA in chloroform) 
provided 0.402 g of iV-[2-ethoxymethyl--l--(3-isopropxypropyl)-li/-iniidazo[4,5- 
c]quinolin-'7-yl]-2-methylpropanamide as a yellowish waxy solid. 
PartB 

iV-[2-ethoxymethyl-l-(3-isopropxypropyl)-li/-imidazo[4,5-c]quinolin-7-yl]-2- 
methylpropanamide (0.400 g, 0.98 mmol) was dissolved in chloroform (10 mL). 3- 
Chloroperoxybenzoic acid (60% purity, 0.532 g, 1.85 mmol) was added in two portions 30 
minutes apart. The reaction was stirred for an additional 30 minutes. Anmionium 
hydroxide (10 mL) was added and the reaction was stirred for 10 minutes. 
Benzenesulfonyl chloride (0.236 mL, 1.8 mmol) was added in one portion and the reaction 
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was stirred for 72 hours. The layers were separated and the aqueous fraction was 
extracted with chloroform. The combined organic fractions were sequentially washed 
with water and saturated aqueous sodium chloride, dried over anhydrous sodium sulfate, 
filtered, and concentrated under reduced pressure. Purification using a HORIZON HPFC 
system (silica cartridge, eluting with a linear gradient of 2-25% CMA in chloroform), 
followed by recrystallization from acetonitrile provided 0.130 g of iV^[4-anfuno-2- 
ethoxymethyH-(3-isopropxypropyl)-li/-imidazo[4,5-c]quinolin-7-yl]-2- 
methylpropanamide as a beige solid, mp 214-215 °C. 

*H NMR (300 MHz, DMSO-^<y) 5 9.88 (s, IH), 8.1 1 (d, 7= 8.9 Hz, IH), 7.96 (d, J= 2.1 

Hz, IH), 7.51 (dd, J= 8.9, 2.1 Hz, IH), 6.52 (s, 2H), 4.75 (s, 2H), 4.62-4.57 (m, 2H), 3.65- 

3.48 (m, 5H), 2.73-2.58 (m, IH), 2.15-2.00 (m, 2H), 1.18-1.12 (m, 15H); 

^^C NMR (75 MHz, DMSO-rf^) 5 175.2, 152.2, 148.3, 145.9, 138.3, 133.1, 120.7, 115.0, 

1 14.0, 1 10.4, 70.7, 65.3, 64.0, 63.9, 42.8, 35.0, 30.3, 22.0, 19.5, 14.9; 

MS (ESI) m/z 428.2657 (428.2662 calcd. for C23H33N5O3, M+H); 

Anal. Calcd. for C23H33N5O3*0.25H2O: C, 63.94; H, 7.82; N, 16.21. Found: C, 64.02; H, 

8.10; N, 16.25. 

Example 4 

7V-[4--Amino-2-ethoxymethyl-l-(2-hydroxy-2-methylpropyl)-l//-imidazo[4,5-c]quinolin- 

7-yl]ethanesulfonamide 



The general method described in Part A of Example 3 was followed using 7- 
bromo-2-ethoxymethyl-l-(2-hydroxy-2-methylpropyl)-l//-imidazo[4,5-c]quinolin-4- 
amine (U.S. Patent Application Publication No. US 2004/0147543 , Examples 125-135) in 
lieu of 7-bromo-2-ethoxymethyl-l -(3-isopropoxypropyl)-l//-imidazo[4,5-c]quinoline and 
ethanesulfonamide in lieu of isobutyramide. Purification using a HORIZON HPFC 
system (silica cartridge, eluting with a linear gradient of 2-25% CMA in chloroform), 
followed by recrystallization firom acetonitrile afforded 0,108 g of //-[4-amino-2- 




73 



wo 2006/091394 



PCTAJS2006/004713 



ethoxymethyl-l-(2-hydroxy-2-methylpropyl)-l//-iraidazo[4,5-c]quinolin^ 
yl]ethanesulfonamide as white crystals, mp 124.0-127.0 ^C. 

NMR (300 MHz, DMSO-rftf) 6 9.85 (s, IH), 8.21 (d, J- 9.0 Hz, IH), 7.44 (d, 7= 2.4 
Hz, IH), 7.1 1 (dd, J= 8.9, 2.3 Hz, IH), 6.56 (s, 2H), 5.05-4.73 (br s, IH), 4.86 (s, 2H), 
4.62 (s, 2H), 3.50 (q, J= 7.0 Hz, 2H), 3.11 (q, J= 7.3 Hz, 2H), 1.21 (t, J= 7^3 Hz, 3H), 
1.17 (br s, 6H), 1.13 (t, J= 7.0 Hz, 3H); 

'^CNMR (125 MHz, DMSO-rf^) 6 152.4, 150.4, 146.2, 136.9, 134.2, 125.4, 122.5, 114.7, 
113.1, 1 11.6, 70.6, 65.2, 64.8, 54.7, 44.9, 27.5, 15.0, 8.0; 
MS (APCI) m/z 422 (M+H)""; 

Anal. Calcd. for Ci9H27N5O4S*0.25H2O: C, 53.57; H, 6.51;N, 16.44; S, 7.53. Found: C, 
53.28; H, 6.72; N, 16.58; S, 7.42. 

Example 5 

iV-{4-[4-Amino-2-ethoxyniethyl-l-(3-isopropxypropyl)-l//-imidazo[4,5-c^ 

yl]butyl} acetamide 




Part A 

7-Bronio-2-ethoxymethyl-l-(3-isopropoxypropyl)-li/-iniidazo[4,5-c]qiunoline 
(1,9 g, 4.68 mmol), 2-but-3"enyMi/-isoindole-l,3(2/f)-dione (1.04 g, 5,15 mmol), cesium 
carbonate (3.05 g, 9.36 nrniol), triphenylphosphine (0,246 g, 0.94 mmol), palladium(II) 
acetate (0.105 g, 0.47 mmol),and iV,//-dimethylformamide (DMF) (28 mL) were added to 
a pressure tube. The vessel was sealed with a TEFLON cap and heated at 140 °C for 2.5 
hours. The reaction was cooled to ambient temperature. The reaction was diluted with 
ethyl acetate and washed multiple times with water. The initial water wash was extracted 
with ethyl acetate. The organic fractions were combined and washed with water once 
again. The organic fractions were concentrated under reduced pressure and the residue 
was purified using a HORIZON HPFC system (silica cartridge, eluting with a linear 
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gradient of 2-20% CMA in chloroform) to yield 1.9 g of 2-{(3£)•4-[2-ethoxy^lethyH-(3• 
isopropoxypropyl)- l/f-imidazo[4,5-c]quinolin-7-yl]but-3-enyl} - 1 /f-isoindole- 1 ,3(2/0" 
dione as a pale yellow oil. 
Parts 

2- { (3£)'4-[2-ethoxymethyl- 1 -(3-isopropoxypropyl)- 1 /f-imidazo[4,5 -c]quinolin-7- 
yI]but-3-enyl}-lH-isoindole-l,3(2//)-dione (1.9 g, 3.6 mmol) was dissolved in ethanol (50 
mL) and added to a Parr flask containing 10% palladixun on carbon (0.3 g) wetted with 
ethanoL The flask was degassed three times, .charged with hydrogen (50 psi) and shaken 
for 16 hours. The catalyst was removed by filtration through CELITE filter agent. 
Concentration of the filtrate under reduced pressure provided 1.9 g of 2-{4-[2- 
ethoxymethyl-l-(3-isopropoxypropyl)-li^-i^lidazo[4,5-c]quinolin-7-yl]butyl}-l//- 
isoindole-l,3(2f/)-dione as a pale yellow oil. 
Parte 

2-{4-[2-(ethoxymethyl)-l-(3-isopropoxypropyl)-17/-imidazo[4,5-c]qiiinolin-7- 
yl]butyl}-l//-isoindole-l,3(2/f)-dione (1 .5 g, 2.84 mmol) was dissolved in ethyl acetate 
(15 mL) and heated to 50 ^C. 33% Peracetic acid in acetic acid (0.60 mL, 2.84 mmol) was 
added and the solution was stirred for 3 hours. Another 0.2 mL peracetic acid was added 
and the reaction was stirred for 1 hour. The mixture was cooled to ambient temperature 
and quenched with aqueous sodium metabisulfite (0.593 g in 1.2 mL water). The solution 
was made basic with saturated aqueous sodium carbonate. The mixture was diluted with 
water and the layers were separated. The aqueous firaction was extracted with ethyl 
acetate. The organic firactions were combined and concentrated under reduced pressure. 
The resulting yellow foam was dissolved in dichloromethane (15 mL) and ammonium 
hydroxide (10 mL). ;7-Toluenesulfonyl chloride (0.541 g, 2.84 mmol) was added in one 
portion. The mixture was stirred for 70 hours. The layers were separated and the aqueous 
fi-action was extracted with dichloromethane. The organic firactions were combined and 
concentrated under reduced pressure to yield 0.525 g of 2-{4-[4-amino-2-ethoxymethyl-l- 
(3-isopropoxypropyl)-li/-imidazo[4,5-c]quinolin-7-yl]butyI}-l//-isoindole-I,3(2//)-dio^^ 
as a yellow oil. 
PartD 

2-{4-[4-amino-2-ethoxymethyl- 1 -(3-isopropoxypropyl)- li/-imidazo[4,5- 
c]quinolin-7-yl]butyl}-l//-isoindole-l,3(27^)-dione (1.15 g, 2.1 mmol) was dissolved in 
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ethanol (36 mL. Hydrazine (0.372 mL, 1 1 A mmol) was added and the solution was 
heated at reflux temperature for 1 hour. The resulting white slurry was cooled to ambient 
temperature and filtered. The solid showed 40% product by NMR. The solid was saved 
and used in Part E. The filtrate was concentrated under reduced pressure and purified 
5 using a HORIZON HPFC system (silica cartridge, eluting with a linear gradient of 2-20% 
CMA in chloroform) to provide 0,21 1 g of 7-(4-aminobutyl)-2-ethoxymethyH-(3- 
isop^opoxypropyl)-l/^-imida2o[4,5-c]quinolin-4-amine as a white solid. 
PartE 

The crude mixture of 7-(4-aminobutyl)-2-ethoxymethyM-(3-isopropoxypropyl)- 
1 0 1 j7-iniidazo[4,5-c]quinolin-4-amine from Part D was slurried in chloroform (7 mL) and 
triethylamine (0.185 mL, 1.32 mmol). Acetic anhydride (0.061 mL, 1.32 mmol) was 
added and the mixture was stirred for 16 hours. The resulting solution was concentrated 
under reduced pressure and the residue was purified using a HORIZON HPFC system 
(silica cartridge, eluting with a Unear gradient of 1-20% CMA in chloroform). The 
1 5 diacylated product was dissolved in methanol (10 mL) and concentrated hydrochloric acid 
(2 mL). The mixture was heated to reflux for 2 hours and then cooled to ambient 
temperature. Saturated aqueous sodium carbonate was added to make the reaction basic. 
The methanol was evaporated under reduced pressure and the residue was extracted with 
dichloromethane (2x100 mL). The combined organic fractions were dried over sodium 
20 sulfate, filtered, and concentrated under reduced pressure. The residue was purified using 
a HORIZON HPFC system (silica cartridge, eluting with a linear gradient of 2-15% CMA 
in chloroform). Subsequent crystallization from ethyl acetate and hexanes provided 0.192 
gofAr-{4-[4-ainino-2-ethoxymethyl4-(3-isopropxypropyl)-l//-imidazo[4,5-c]quin 

yl]butyl}acetamide as flocculent white crystals, mp 122-124 *^C. 
25 ^H NMR (300 MHz, DMSO-^/^) 5 8.10 (d, J= 8.4 Hz, IH), 7.79 (t, J= 4.8 Hz, IH), 7.42 
(d, J= l.lHz, IH), 7.09 (dd, J= 8.3, 1.3 Hz, IH), 6.51 (s, 2H), 4.76 (s, 2H), 4.64-4.59 (m, 
2H), 3.64-3.47 (m, 5H), 3.09-3.03 (m, 2H), 2.69 (t, 7 = 7.4 Hz, 2H), 2.15-2.01 (m, 2H), 
1.78 (s, 3H), 1.68-1.59 (m, 2H), 1.48-1.36 (m, 2H), 1.16 (t, J= 7.0 Hz, 3H), 1.15 (d, J= 
6.2 Hz, 6H); 

30 *^C NMR (125 MHz, DMSO-rf^) 5 168.8, 152.0, 148.5, 145.3, 140.7, 133.1, 125.8, 125,3, 
122.0, 120.4, 1 12.6, 70.8, 65.4, 64.1, 63.9, 42.8, 38.3, 34.8, 30.3, 28.8, 28.3, 22.6, 22.0, 
14.9; 
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MS (ESI) m/z 456 (M+H)^; 

Anal. Calcd. for C25H37N5O3: C, 65.91; H, 8.19; N, 15.37. Found: C, 65.62; H, 7.94; N, 
15.42. 

Example 6 

iV- {4- [4- Amino-2-ethoxymethyl- 1 -(3-isopropxypropyl)- 1 /Wmidazo[4,5 -c]quinolin-7- 

yl]butyl} -iV'-propylurea 



7-(4-Aminobutyl)-2-ethoxymethyl-l-(3-isopropoxypropyl)--l/f-imidazo[4,5- 
c]quinolin-4-amine (0.250 g, 0.604 mmol) was dissolved in dichloromethane. Propyl 
isocyanate (0.060 mL, 0.604 mmol) was added and the reaction was stirred for 16 hours. 
A feathery solid was produced. The dichloromethane was removed under reduced 
pressure. The residue was diluted (not dissolved) in acetonitrile. This altered the solid to 
a more granular form. The solid was filtered, washed with acetonitrile, and dried to yield 
0.090 g of A^-{4-[4-Amino-2-ethoxymethyH-(3-isopropxypropyl)-l//-imidazo[4,5" 
cjquinolin-7-yl]butyl}-iV -propylurea as an off-white solid, mp 134.5-135.5 ^C. 

NMR (300 MHz, DMSO-rf^) 5 8.10 (d, J= 8.4 Hz, IH), 7.42 (s, IH), 7.09 (dd, 7= 8.3, 
1.2 Hz, IH), 6.50 (s, 2H), 5.75 (t, J= 5.4 Hz, IH), 5.71 (t, 7= 5.7 Hz, IH), 4.76 (s, 2H), 
4.63-4.60 (m, 2H), 3.62-3.54 (m, 3H), 3.49 (t, 7= 5.5 Hz, 2H), 3.03-2.99 (m, 2H), 2.92 (q, 
J= 6.5 Hz, 2H), 2.68 (t, 7= 7.5 Hz, 2H), 2.11-2.04 (m, 2H), 1.65-1.59 (m, 2H), 1.44-1.31 
(m, 4H), 1.77-1.15 (m, 9H), 0.81 (t, J=7.4 Hz, 3H); 

^^C NMR (125 MHz, DMSO-^^^) 5 158.0, 151.9, 148.5, 145.4, 140,8, 133.1, 125.8, 125.3, 
122.1, 120.4, 112.5, 70.8, 65.3, 64.1, 63.9, 42.8, 41.0, 34.9, 30.3, 29.7, 28.3, 23.2, 22.0, 
14.9, 11.3; 

MS (APCI) m/z 499 (M+H)"^; 




« 
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Anal. Calcd. for C27H42N6O3: C, 65.03; H, 8.49; N, 16.85. Found: C, 64.90; H, 8.38; N, 
16.84. 

Example 7 

2-Ethoxymethyl-l-(3-niethoxypropyl)-7-methylsulfonyl-l/^iniidazo[4,5^ 

amine 



7-Bromo-2-ethoxymethyl-l-(3-methoxypropyl)-l/r-iniidazo[4,5-c]qumoline(^ 
Patent Application Publication No. US 2004/0147543 Examples 163-175, 1.0 g, 2.64 
mmol) and sodium thiomethoxide (0.1 85 g, 2.64 mmol) were dissolved in NJsf- 
dimethylformamide (25 mL). The reaction mixture was stirred at ambient temperature for 
20 minutes and then heated at 55 ""C for 16 hours. The reaction was cooled to ambient 
temperature and the solvent was removed under reduced pressure. The residue was 
dissolved in dichloromethane and sequentially washed with water and saturated aqueous 
sodium chloride, dried over anhydrous sodium sulfate, filtered, and concentrated under 
reduced pressure. 2-Ethoxymethyl-l-(3-methoxypropyl)-7-methylthio-l/f-imidazo[4,5- 
cjquinoline was isolated as 1 . 1 g of a pale yellow oil. 



The crude oil from Part A was dissolved in chloroform (20 mL). 3- 
Chloroperoxybenzoic acid (60% pure, 1 .96 g, 6.84 mmol) was added in one portion. After 
30 minutes, an additional 0.5 g of 3-chloroperoxyben2oic acid and 5 mL of chloroform 
was added. After 20 minutes, the reaction mixture was poured into a separatory funnel 
and washed with saturated aqueous sodium carbonate. The aqueous fraction was extracted 
sequentially with dichloromethane, chloroform, and 9:1 chloroform/methanol. The 
combined organic fractions were sequentially washed with water and saturated aqueous 
sodium chloride, dried over sodivmi sulfate, filtered, and concentrated under reduced 
pressure. The residue was purified using a HORIZON HPFC system (silica cartridge, 




O 

\ 



Part A 



PartB 
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eluting with a linear gradient of 2-30% CMA in chloroform). Fractions containing 
oxidized product were combined and concentrated. The residue was dissolved 
dichloromethane (15 mL) and diluted with ammonium hydroxide (10 mL). p- 
Toluenesulfonyl chloride was added to the mixture and the reaction was stirred for 120 
hours. The layers were separated and the aqueous fraction was extracted with 
• dichloromethane. The combined organic fractions were sequentially washed with water 
and saturated aqueous sodium chloride, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. Purification using a HORIZON HPFC system 
(silica cartridge, eluting with a linear gradient of 1-20 % CMA in chloroform), followed 
by recrystallization from acetonitrile yielded 0.357 g of 2-ethoxymethyl-l-(3- 
methoxypropyl)-7-methylsulfonyl-l/^-imidazo[4,5-c]quinolin-4-amine as white needles, 

mp 166.5-167.5^0. 

'H NMR (300 MHz, DMSO-rftf) 5 8.34 (d, J= 8.7 Hz, IH), 8.07 (d, 7= 2.0 Hz, IH), 7.70 
(dd, J= 8.6, 1.9 Hz, IH), 7.03 (s, 2H), 4.80 (s, 2H), 4.71-4.66 (m, 2H), 3.57 (q, J= 7.0 Hz, 
2H), 3.47 (t, J- 5.6 Hz, 2H), 3.31 (s, 3H), 3.28 (s, 3H), 2.15-2.07 (m, 2H), 1.17 (t, J= 7.0 
Hz, 3H); 

*^CNMR(75 MHz,DMSO-J5)8 153.3, 150.3, 144.6, 138.5, 132.3, 127.8, 124.9, 121.8, 

1 17.8, 1 17.7, 68.6, 65.5, 64.0, 58.1, 43.7, 43.0, 29.7, 14.9; 

MS (ESI) m/z 393.1602 (393.1597 calcd. for C18H24N4O4S, M+H); 

Anal. Calcd. for C18H24N4O4S: C, 55.09; H, 6.16; N, 14.28; S, 8.17. Found: C, 55.12; H, 

6.02; N, 14.32; S, 8.26. 

Example 8 

Methyl (2£)-3-[4-amino-2-butyl-l-(2-methylpropyl)-lJ^-imidazo[4,5-c]quinolin-7- 

yl]prop-2-enoate 




A thick walled glass tube, equipped with stir bar, was charged v^th palladium (II) 
acetate (18 mg, 0.08 mmol), acetonitrile (2 mL), methyl acrylate (69 mg, 0.8 nrniol), 
triethylamine (240 mg, 2.4 mmol), tri-o-tolylphosphine (49 mg, 0.16 mmol) and 7-bromo- 
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2-butyl4-(2-methylpropyl)-l//-imidazo[4,5-c]quinolm-4-amine (U.S. Patent Application 
Publication No. US 2004/0147543 Example 1, 300 mg, 0.8 mmol). The reaction mixture 
was purged with nitrogen and the tube was sealed and heated to 100 °C in an oil bath. The 
mixture became an amber homogeneous solution after approximately 5 minutes. The 
reaction was maintained at 100 for 32 hours and then concentrated to dryness. The 
reaction mixture was taken up in water and dichloromethane. Saturated aqueous 
potassium carbonate solution was added, adjusting to pH 1 1 . The organic layer was 
separated and concentrated to a golden syrup. The crude product was purified by flash 
chromatography on silica gel (eluting with 5% methanol/dichloromethane). The resulting 
tan solid (230 mg) was recrystallized from acetonitrile to give 220 mg of methyl (2£)-3- 
[4-amino-2-buty 1- 1 -(2-methylpropyl)- 1 //-imidazo [4,5 -c]quinolin- 7-y l]prop-2-enoate as a 
pale gold solid, mp 193-194 °C. 
MS (APCI) tit/z 381.5 (M + H)"^. 

Example 9 

Methyl (2£)-3-[4-amino- 1 -[4-(l , 1 -dioxidoisothiazolidin-2-yl)butyl]-2-(ethoxymethyl)- 1 J^- 

imidazo[4,5-c]quinolin-7-yl]prop-2-enoate 



A 50-mL thick walled glass vessel was charged with palladium (II) acetate (67 mg, 
0.3 mmol), acetonitrile (2 mL), methyl acrylate (0.26 g, 3.0 mmol), triethylamine (0.9 g, 
9.0 mmol), tri-o-tolylphosphine (0.18 g, 0.6 mmol) and 7-bromo-l-[4-(l,l- 
dioxidoisothiazolidin-2-y l)butyl] -2-(ethoxymethy 1)- 1 //-imidazo [4, 5 -c]quinolin-4-amine 
(U.S. Patent Application Publication No. US 2004/0147543 Example 152-156, 1.5 g, 3.0 
mmol). An additional 13 mL of acetonitrile was added. The reaction mixture was purged 
with nitrogen then heated to 90 °C. The turbid orange mixture was maintained at 90 
overnight. Anhydrous DMF (30 mL) was added to dissolve the 7-bromoquinoline starting 
material. The reaction was then heated at 120 overnight. The reaction mixture was 
filtered to remove the catalyst then concentrated to dryness. The desired product was 
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isolated by column chromatography on silica gel (eluting with a gradient of 2%-8% 
methanol in dichloromethane). The resulting peach solid was taken up in saturated 
potassium carbonate solution and dichloromethane and stirred overnight at ambient 
temperature. The organic layer was separated and concentrated to dryness. The residue 
was recrystallized from acetonitrile to yield 0.65 g of methyl (2£)-3-[4-amino-l-[4-(l,l- 
dioxidoisothiazolidin-2-yl)butyl]-2-(ethoxymethyl)4jFf-imidazo[4,5^^^ 
2-enoate as a pale yellow solid, mp 162-163 °C. 
MS (ACPI) m/z 502.2 (M+H)^. 

Anal. Calcd. for C24H31N5O5S: C, 57.47; H, 6.23; N, 13.96. Found: C, 57.21; H, 6.38; N, 
14.14. 

Example 10 

l.|3-[4-Amino-l<2-methylpropyl)-l//-imidazo[4,5-c]quinolin-8-yl]propyl}pyn:olidin^ 

one 




Part A 

A thick walled glass tube, equipped with stir bar, was charged with palladium (II) 
acetate (67 mg, 0.3 mmol), acetonitrile (15 mL), iV-allyl-2-pyrrolidone (650 mg, 5.17 
mmol), triethylamine (2.1 ml, 15.65 mmol), tri-o-tolylphosphine (275 mg, 0.9 mmol) and 
8-bromo-l-(2-methylpropyl)-l//-iniidazo[4,5-c]quinolin-4-aniine (U.S. Patent Application 
Publication No. US 2004/0147543 Example 11, 1.5 g, 4.7 mmol). The reaction mixture 
was purged with nitrogen, sealed and heated at 120 °C for 24 hours. The reaction mixture 
was concentrated to dryness. The reaction mixture was slurried in a mixture of 1% 
aqueous sodium carbonate (75 mL) and chloroform (100 mL). The layers were separated. 
The aqueous layer was extracted with chloroform (2 x 25 mL). The combined organic 
fractions were concentrated to dryness and purified by chromatography using a HORIZON 
HPFC system (silica cartridge, eluting with 0-8% methanol/dichloromethane) to provide 
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l-{(2£)-3-[4-amino-l"(2-methylpropyl)-liy4midazo[4,5-c3qum^ 

enyl} pyrrolidin-2-one. 

PartB 

A glass Parr vessel was charged with 10% palladium on carbon catalyst (0.1 g), 
5 methanol (50 mL), ethanol (50 mL) and l-{(2£)-3-[4-amino-l-(2-methylpropyl>l/f- 

imidazo[4,5-c]quinolin-8-yl]prop-2"enyl}pyrrolidin-2-one. The vessel was evacuated and 
charged with hydrogen gas (51 psi, 3.4 x 10^ Pa). The reaction was shaken at ambient 
temperature overnight (approximately 18 hours). The reaction mixture was filtered to 
remove the catalyst and concentrated to dryness. The crude product was purified by 
10 chromatography using a HORIZON HPFC system (silica cartridge, eluting with 0-8% 

methanol in dichloromethane) followed by recrystallization from acetonitrile to yield 300 
mg of l-{3-[4-amino-l-(2-methylpropyl)-l//-imidazo[4,5-c]quinolin-8- 
yl]propyl}pyrrolidin-2-one as a white solid, mp 174-175 ^C. 
MS (APCI) m/z=366 (M+H)^; 
15 Anal. Calcd. for C21H27N5O: C, 69.01; H, 7.45; N, 19.16. Found: C, 68.83; H, 7.71; N, 
19.42. 

Example 1 1 

Methyl (2£)-3-[4-amino-2-(ethoxymethyl)- 1 -(2-hydroxy-2-methylpropyl)- 1 H- 

imidazo[4,5-c]quinolin-7-yl]prop-2-enoate 




A thick walled glass reaction vessel was charged with anhydrous DMF (2 mL), 
palladium (II) Acetate (0.01 equivalents (eq)), tri-o-tolylphosphine (0.02 eq) and 
triethylamine (3 eq). To this orange solution was added a solution of l-[4-amino-7- 
bromo-2-(ethoxymethyl)-l/f-imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2-ol in 50 mL 
25 anhydrous DMF followed by the addition of methyl aery late (1 .0 eq). The reaction 
mixture was purged with nitrogen, sealed and heated at 120 °C overnight, and slowly 
cooled to room temperature. The reaction mixture was concentrated to dryness and then 
slurried in water (50 mL), Saturated potassium carbonate solution (25 mL) was added. 
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The mixture was extracted with dichloromethane (4 x 50 mL). The combined extracts 
were concentrated under reduced pressure and purified by chromatography using a 
HORIZON HPFC system (silica cartridge, eluting with 0-25% CMA in chloroform) to 
provide methyl (2£)-3-[4-amino-2-(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)-l/f- 
imidazo[4,5-c]quinolin-7-yl]prop-2-enoate as a white solid. 

Example 12 

Methyl 3-[4-amino-2-(ethoxymethyl)4-(2-hydroxy-2-methylpropyl)-lH-imidazo[4,5- 

c]quinolin-7-yl]propanoate 



A glass Parr vessel was charged with 10% palladixmi on carbon catalyst (0.35 g, 
0.1 eq. weight/weight (w/w)), methanol (50 mL) ethanol (50 ml) and methyl (2E)-3-[4- 
amino-2-(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)-li/-imidazo[4,5-c]qui^ 
yl]prop-2-enoate (3.5 g, 8.8 mmol). The vessel was evacuated and charged with hydrogen 
gas (45 psi, 3.1x10^ Pa). The reaction was shaken at ambient temperature overnight 
(approximately 1 8 hours). The reaction mixture was filtered to remove the catalyst and 
concentrated to dryness. The crude product was purified by chromatography using a 
HORIZON HPFC system (silica cartridge, eluting with 0-30% CMA in chloroform) 
followed by recrystallization from acetonitrile to provide methyl 3-[4-amino-2- 
(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)-lH-imidazo[4,5-c]quinolin-7- 
yljpropanoate as a white solid. 



3-[4-Amino-2-(ethoxymethyl)- 1 "(2-hydroxy-2-methylpropyl)- lH-imidazo[4,5-c]quinolin- 




O 



Example 13 



7-yl]propanoic acid 




OH 
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A 100-mL round bottom flask was charged with methyl 3-[4-amino-2- 
(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)-l//-imidazo[4,5-c]quinolin--7- 
yljpropanoate (0.28 g, 0.7 mmol) and Claisen's alkali (4.0 mL), and the reaction was 
stirred at ambient temperature for one hour and then concentrated to a colorless syrup. 
Citric acid solution (25 mL of 10% aqueous) was added. A white precipitate formed. The 
mixture was stirred for 15 minutes, and then the solid was collected by vacuum filtration 
to yield 0.25 g of 3-[4-amino-2-(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)-lH- 
imidazo[4,5-c]quinolin-7-yl]propanoic acid. 



1 -[4-Amino-2"(ethoxymethyl)-7-(3-moipholin-4-yl-3-oxopropyl)- 1 H-imidazo [4,5-c] 
quinolin- 1 -yl]-2-methylpropan-2-oI 



A 20-ml glass vial was charged with anhydrous DMF (1 mL), 3-[4-amino-2- 
(ethoxymethyl)-l -(2-hydroxy-2-methylpropyl)- 1 jy-imidazo [4,5-c:]quinolin-7-yl]propanoic 
acid (165 mg, 0.43 mmol), N-(3-dimethylammopropyl)-N''-ethylcarbodiimide 
hydrochloride (100 mg, 0.52 mmol, 1.3 eq), 1-hydroxybenzotriazole (70.3 mg, 0.52 mmol, 
1 .3 eq), and morpholine (1 10 mg, 1.29 mmol, 3.0 eq). The reaction was maintained at 
ambient temperature overnight. The reaction mixture was poured into water (10 mL), and 
the resulting mixture was extracted with dichloromethane (3x10 mL). The chloroform 
fractions were combined and concentrated, and the residue was purified by 
chromatography using a HORIZON HPFC system (silica cartridge, eluting with 0-30% 
CMA in chloroform) followed by recrystallization from acetonitrile to provide l-[4- 
amino-2-(ethoxymethyl)-7-(3-morpholin-4-yl-3-oxopropyl)-lH-imidazo [4,5-c] quinolm- 
l-yl]-2-methylpropan-2-ol as a white solid, mp 1 18-1 19 °C. 
MS (APCI) nt/z 456 (M+H)^. 



Example 14 
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Example 15 

Methyl (2£)-3-[4-amino- 1 -(2-hydroxy-2-methylpropyl)- li^^ 

yl]prop-2-enoate 




Part A 

To a suspension of 7-bromo-4-chloro-3-nitroquinoline (U.S. Patent Application 
Publication No. US 2004/0147543 Example 1, 54.2 g, 0.19 mol) in dichloromethane (1 L) 
was added triethylamine (100 mL, 0.72 mol., 3.8 eq) in one portion. To the resulting 
solution was slowly added hydroxyisobutylamine (18,44 g, 0.21 mol, 1.1 eq). The 
reaction was complete within two hours. The reaction mixture was concentrated to 
dryness, and the residue was slurried in a solution of 1% aqueous sodium carbonate (600 
mL) for two hours. The resulting bright yellow solid was collected by vacuum filtration 
and dried on the filter funnel overnight to provide 57 g of l-(7-bromo-3-nitroquinolin-4- 
ylamino)-2-methylpropan-2-ol. 
PartB 

A glass Parr vessel was charged with 5% platinum on carbon catalyst (5 g), 1 -(7- 
bromo-3-nitroquinolin-4-ylamino)-2-methylpropan-2-ol (57 g, 0.17 mol), and a 1:1 
solution of acetonitrile/toluene (1800 mL). The vessel was evacuated, charged with 
hydrogen gas (50 psi, 3.4 x 10^ Pa), and shaken for 5 hours. The reaction mixture was 
then filtered through a 0.2 micron polytetrafluoroethylene (PTFE) membrane filter. The 
filtrate was concentrated to provide 49 g of l-[(3-amino-7-bromoquinolin-4-yl)amino]-2- 
methylpropan-2-ol as a bright yellow-orange solid. 
PartC 

A 2-L round bottom flask was charged with l-[(3-amino-7-bromoqumolin-4- 
yl)amino]-2-methylpropan-2-ol (25.5 g, 82.2 mmol), toluene (1 L), pyridine-HCl (0.1 g, 
0.82 mmol, 0.01 eq) and triethylorthoformate (13.4 g, 90,4 mmol, 1.1 eq), and the reaction 
was heated at reflux for 2 hours. The reaction mixture was concentrated to dryness. The 
resulting pale yellow solid was slurried in 1% aqueous sodium carbonate solution (250 
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mL), collected by vacuum filtration^, and air-dried on the funnel overnight to provide 25 g 

of 1 -(7-bromo- lif-imidazo[4,5-c]quinolin-l-yl)-2-methylpropan-2-oL 

PartD 

A 1-liter round bottom flask was charged with l-(7-bromo-l//-imidazo[4,5- 

5 c]quinolm-l-yl)-2-methylpropan-2-ol (25.0 g, 78.0 nunol), dichloromethane (400 mL) and 
chloroform (100 mL). To this solution was slowly added in small portions 3- 
chloroperoxybenxzoic acid (34.0 g of 60 % purity, 1 17 mmol, 1.5 eq). The reaction was 
maintained at room temperature for 2 hours and then concentrated anunonium hydroxide 
solution (200 mL) was added. The mixture was vigorously stirred as j^-toluenesulfonyl 

10 chloride (22.4 g, 1 17 mmol) was slowly added in small portions. The reaction was 

complete within 1 hour but was left to stir at room temperature overnight. The reaction 
mixture was filtered to collect a pale yellow solid. The product was purified by 
chromatography using a HORIZON HPFC system (silica cartridge, eluting vnth 0-30% 
CMA in chloroform). The resulting pale yellow solid was slurried in cold acetonitrile, 

15 isolated by filtration, and air-dried on the vacuum filter to provide 17.2 g of 1 -(4-amino-7- 
bromo-l/f-imida2o[4,5-c]quinolin-l-yl)-2-methylpropan-2-ol. The filtrate was transferred 
to a separatory fimnel and the layers were separated. The aqueous layer was extracted 
with chloroform (3 x 100 mL). The chloroform firactions were combined, washed with 
brine (100 mL), dried over magnesium sulfate and concentrated to dryness to provide an 

20 additional 0.8 g of l-(4-amino-7-bromo-l//-imidazo[4,5-c]quinolin-l-yl)-2-methylpropan- 
2-ol, mp >250 °C. 
MS(ESI) m/z 335, m/z 337 (M+H)""; 

Anal. Calcd. for Ci4Hi5BrN40: C, 50.17; H, 4.51; N, 16.71. Found: C, 49.96; H, 4.44; N, 
16.75. 
25 PartE 

A thick walled glass reaction vessel was charged with anhydrous DMF (2 mL), 
palladium (II) acetate (34 mg, 0.15 nunol, 0.005 eq), tri-o-tolylphosphine (91 mg, 0.3 
mmol, 0.01 eq) and triethylamine (12.4 ml, 89.4 nunol, 3 eq). To this orange solution was 
added a solution of l-(4-amino-7-bromo-l//-imidazo[4,5-c]quinolin-l-yl)-2- 
30 methylpropan-2-ol (10.0 g, 29.8 mmol) in 100 mL anhydrous DMF followed by the 

addition of methyl acrylate (2.82 g, 32.8 mmol, 1.1 eq). The reaction mixture was purged 
with nitrogen, sealed and heated at 120 °C overnight. The heat was tumed off and the dark 
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orange reaction mixture was slowly cooled to room temperature. The reaction mixture 
was poured into a solution of water (600 mL), saturated aqueous potassium carbonate (200 
mL) and saturated aqueous sodium chloride 100 mL). An orange precipitate crashed out 
of solution. The solid was collected by vacuum filtration to provide 7.9 g of product. A 
small amount of product was purified by chromatography using a HORIZON HPFC 
system (silica cartridge, eluting with 20% methanol in dichloromethane:dichloromethane 
m a gradient fi:om 1-15% over 300 mL, 15-40% over 1700 mL, and 40% for 1000 mL). 
The resulting material was recrystallized firom 75:25 acetonitriie/methanol and dried to 
provide methyl (2jE^-3-[4-anuno-l-(2-hydroxy-2-methylpropyl)--lif-iniidazo[4,5- 
c]quinolin-7-yl]prop-2-enoate, mp >250 
MS (APCI) m/z 34 1 (M+H)^; 

Anal. Calcd. for C18H20N4O3 • 0.5 CH3OH: C, 62.35; H, 6.22; N, 15.72. Found: C, 62.24; 
H, 6.26; N, 16.10. 

Example 16 

Methyl 3- [4-amino- 1 -(2-hydroxy-2-methylpropyl)- 1 /f-imidazo[4,5 -c]quinolin-7- 



yl]propanoate 




A Parr vessel was charged 10% palladium on carbon catalyst (3.0 g), and a slurry 
of methyl (2£)-3-[4-amino- 1 -(2-hydroxy-2-methylpropyl)- l/?-imidazo[4,5 -c]quinolin-7- 
yl]prop-2-enoate (7.5 g, 22.0 mmol) in 1:1 methanol/ethanol solution (200 mL). The 
vessel was evacuated and charged with hydrogen gas (50psi, 3.4 x 10 Pa). The vessel 
was shaken for 3 days. The reaction was not complete. The reaction was charged with 
additional catalyst (1 g), placed under hydrogen pressure, and shaken overnight. The 
reaction was still not complete. The reaction was placed under hydrogen pressure and 
heated at 50 ®C overnight. The reaction was now complete. The catalyst was removed by 
filtering the reaction mixture through a 0.2 micron PTFE membrane filter. The filtrate was 
concentrated to dryness. The residue was purified by chromatography using a HORIZON 
HPFC system (silica cartridge, eluting with a CMA:CHCl3 gradient: 0-8% over 200 mL, 
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3-30% over 3200 mL, and 30% for 2400 mL). The pure fractions were combined and 
concentrated to give one lot of product. The impure fractions were combined and 
concentrated, and the residue was slurried in acetonitrile, collected by vacuum filtration, 
and combined with the first lot to provide 2.7 g of white sohd. A small portion of this 
material was further purified by chromatography using a HORIZON HPFC system 
(eluting with a 20% methanol/dichloromethane m dichloromethane gradient: 0-40% over 
2400 mL). The pure fractions were combined, concentrated under reduced pressure, 
recrystallized fi-om acetonitrile, filtered, and dried on the vacuum fuimel to provide methyl 
3-[4-amino-l-(2-hydroxy-2-raethylpropyl)-li/-imidazo[4,5-c]quinolin-7-yl]propanoate as 
a white solid, mp 201-205 'C. 
MS (ESI) m/z 343 (M+H)""; 

Anal. Calcd. for C18H22N4O3: C, 63.14; H, 6.48; N, 16.36. Found: C, 63.02; H, 6.56; N, 
16.37. 

Example 17 

Methyl (2£)-3-[4-amino-2-ethyl-l-(2-hydroxy-2-methylpropyl)-l//-imidazo[4,5- 

c]quinolin-7-yl]prop-2-enoate 




A thick walled glass reaction vessel was charged with anhydrous DMF (2 mL), 
palladium (II) acetate (19 mg, 0.085 mmol, 0.005 eq), tri-o-tolylphosphine (51 mg, 0.17 
mmol, 0.01 eq) and triethylamine (7.25 g, 52.02 mmol, 3 eq). To this orange solution was 
added a solution of l-(4-amino-7-bromo-2-ethyl-li/-imidazo[4,5-c]quinolin-l-yl)-2- 
methylpropan-2-ol (U.S. Patent Application Publication No. US 2004/0147543 Example 
142-144, 6.3 g, 17.34 mmol) in 100 mL anhydrous DMF followed by methyl acrylate 
(1.64 g, 19.08 mmol, 1.1 eq). The reaction mixture was purged with nitrogen, sealed and 
heated to 120 °C overnight. The heat was turned off and the dark orange reaction mixture 
was slowly cooled to room temperature. The reaction mixture was poured into a solution 
of water (600 mL), saturated aqueous potassium carbonate (200 mL) and saturated 
aqueous sodium chloride (100 mL). The mixture was transferred to a separatory funnel 
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and extracted with chloroform. The chloroform fractions were combined and concentrated 
to dryness. The product was purified by chromatography using a HORIZON HPFC 
system (silica cartridge, eluting with a CMA: chloroform gradient: 0-5 % over 200 mL, 5- 
30% over 3200 mL, and then 30% for 2400 mL) to provide approximately 4 g of product. 
A small portion was further purified by chromatography using a HORIZON HPFC system 
(silica cartridge, eluting with a 20% methanol/dichloromethane in dichloromethane 
gradient: 0-10% over 200 mL, 10-40% over 1650 mL, and then 40% for 500 mL) followed 
by recrystallization fi:om acetonitrile/methanol to provide methyl (2£)-3-[4-amino-2-ethyl- 
l-(2-hydroxy-2-methylpropyl)-l//'-imidazo[4,5-c]quinolin-7-yl]prop-2-enoate,mp238- 
240 **C, 

MS (ESI) m/z 369 (M+Uf; 

Anal. Calcd. for C20H24N4O3 • 1.0 CH3OH: C, 62.99; H, 7.05; N, 14.00. Found: C, 63.00; 
H, 7.12; N, 13.67. 

Example 1 8 

Methyl (2£r)-3 -[4-amino- 1 -(2-hydroxy-2-methylpropyl> l//-imidazo[4,5 -c]qumolin-8- 

yl]prop-2-enoate 




I 

Part A 

A 2-liter round bottom flask was charged with l-(4-amino-l//-unida2X>[4,5- 
c]qumolin-l-yl)-2-methylpropan-2-ol (50.0 g, 0.195 mol.) and DMF (1 L). To this stirred 
suspension was added a solution of A^-bromosuccinimide (4L7 g, 0.234 mol, 1.2 eq) in 
DMF (200 mL). The reaction was stirred at ambient temperature overnight. The dark red 
solution was poured into 2% aqueous potassium carbonate solution (8 L). After 30 
minutes the resulting mixture was filtered through a layer of CELITE filter agent followed 
by a rinse of 4 L of deionized water and 1 L of DMF. The aqueous filtrate was divided 
into five 2.5 L firactions and each was extracted with chloroform (3 x 600 mL), diluted 
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with DMF (200 mL), and extracted again with chloroform (3 x 600 mL). The combined 
organic extracts were dried over magnesium sulfate, filtered and concentrated to dryness. 
After drying overnight under high vacuum, a reddish brown solid remained (50 g). This 
material was slurried in concentrated sodium bisulfite (200 mL) for 30 minutes and then 
filtered, rinsed with water, and dried on vacuum funnel overnight to provide 50 g of 
product. A small sample was purified by chromatography using a HORIZON HPFC 
system (silica cartridge, eluting with a gradient of chloroform/CMA; 0-8% over 200 mL, 
8-20% over 2000 mL, 20-30% over 1000 mL, 30% over 2400 mL) followed by trituration 
with hot acetonitrile. The resulting bright yellow solid was fijrther purified by 
chromatography using a HORIZON HPFC system (silica cartridge, eluting with a gradient 
of 20% methanol/dichloromethane in dichloromethane: 0-10 % over 200 mL, 10-40% 
over 2400 mL, and 40% over 1200 mL) followed by recrystallization from 
acetonitrile/methanol to provide 0.65 g of l-(4-amino-8-bromo-l^-imidazo[4,5- 
c]quinolin-l-yl)-2-methylpropan-2-ol as an off-white solid, mp 197-198 °C, 
MS (APCI) m/z 335, 337 (M+Hf; 

Anal. Calcd. for Ci4Hi5BrN40: C, 50.17; H, 4.51; N, 16.71. Found: C, 50.24; H, 4.57; N, 

16.62. 

PartB 

The method described in Example 15 Part E can be used to couple 1 -(4-amino-8- 
bromo-l/f-imidazo[4,5-c]quinolin-l-yl)-2-methylpropan-2-ol with methyl acrylate to 
provide methyl (2£)-3-[4-amino-l-(2-hydroxy-2-methylpropyl)-l//-imida2o[4,5- 
c]quinolin- 8-yl]prop-2-enoate. 

Examples 19-24 

A solution of 7-bromo-2-ethoxymethyl-l -(3-isopropoxypropyl)-l//-imidazo[4,5- 
c]quinolin-4-amine (42 mg, 0.1 mmol, Example 1 Parts A - D) in 1,4-dioxane (1 mL) was 
added to a test tube containing copper iodide (8 mg), potassium phosphate (42 mg), and a 
reagent (0.12 mmol) fi-om the table below and the tube was purged with nitrogen. Trans- 
1 ,2-diaminocyclohexane (7 ^L) was added to the tube. The tube was purged with nitrogen 
and then heated with stirring in a sand bath at 1 10 ""C for about 6 days. The reaction 
mixture was filtered and the filtrate was concentrated by vacuum centrifiigation. The 
compoimds were purified by preparative high performance liquid chromatography (prep 
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HPLC) using a Waters FractionLynx automated purification system. The prep HPLC 
fractions were analyzed using a Waters LC/TOF-MS, and the appropriate firactions were 
centrifuge evaporated to provide the trifluoroacetate salt of the desired compound. 
Reversed phase preparative liquid chromatography was performed with non-linear 
gradient elution firom 5-95% B where A is 0.05% trifluoroacetic acid/water and B is 
0.05% trifluoroacetic acid/acetonitrile. Fractions were collected by mass-selective 
triggering. The table below shows the reagent used for each example, the structure of the 
resulting compound, and the observed accurate mass for the isolated trifluoroacetate salt. 





Example 


Reagent 


R3 


Measured 
Mass (M+H) 


19 


Methyl Carbamate 


0 

H 


416.2328 


20 


Methanesulfonamide 


H 


436.2006 


21 


3-Methylbutanamide 


CH3 0 
^ H 


442.2820 


22 


(S)-(+)-2,2- 
Dimethylcyclopropanecarboxamide 




454.2854 


23 


3 ,4-Difluorobenzaiiude 




498.2300 


24 


Benzenesiilfonamide 


err 


498.2155 



Examples 25 and 26 

A solution of JV-[4-(4-aniino-7-bromo-2-ethoxymethyl-l//-imidazo[4,5-c]quinolin- 
yl)butyl3methanesulfonamide (50 mg, 0.1 mmol, U.S. Patent Application Publication No. 
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US2004/0 147543, examples 612-642) in 1,4-dioxane (1 mL) was added to a test tube 
containing copper iodide (19 mg), potassium phosphate (16 mg), and a reagent (0.2 mmol) 
jfrom the table below and the tube was purged with nitrogen. TranS'1,2- 
diaminocyclohexane (18 |liL) was added to the tube. The tube was purged with nitrogen, 
capped, and then heated with stirring in a sand bath at 1 10 "^C for about 16 hours. The 
reaction mbcture was filtered and the filtrate was concentrated by vacuum centrifiigation. 
The compounds were purified using the method described in Examples 19-24. The table 
below shows the reagent used for each example, the structure of the resulting compound, 
and the observed accurate mass for the isolated trifluoroacetate salt. 



CH3 

"0 


Example 


Reagent 


R3 


Measured Mass 
(M+H) 


25 


Cyclopropanecarboxamide 




475.2153 


26 


1,1-Dimethylurea 


CH3 


478.2241 



Examples 27-41 

A solution of l-{3-[4-amino-8-(2-aminoethyl)-2-(2-methoxyethyl)-l//- 
imidazo[4,5-c]quinolin-l-yl]propyl}pyrrolidin-2-one (41 mg, 0.16 mmol, 1.0 eq) in a 
mixture of A/^iV-dimethylacetamide (1 mL) and TV^TV-diisopropylethylamine (34 |xL) was 
added to a test tube containing a reagent from the table below (1 . 1 eq). The tube was 
vortexed overnight at ambient temperature and then the reaction was quenched with water 
(100 fiL). The solvent was removed by vacuum centrifiigation and the compound was 
purified using the method described in Examples 1 9 - 24. The table below shows the 
reagent used for each example, the structure of the resulting compound, and the observed 
accurate mass for the isolated trifluoroacetate salt. 
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N ^ 

9 


'a 

, N 

irV- 


/ 

0 


Example 


Reagent 


R 


Measured Mass 
(M+H) 


27 


Acetyl chloride 


0 


453.2643 


28 


Cyclopropanecarbonyl 
chloride 




479.2805 


29 


Isobutyryl chloride 




CH3 


481.2954 


30 


Benzoyl chloride 


( 


<^ 






515.2795 


31 


Nicotinoyl chloride 
hydrochloride 


r 






516.2712 


32 


Methanesulfonyl 

chloride 




489.2295 


33 


Isopropylsulfonyl 
chloride 




517.2607 


34 


Dunethylsulfamoyl 
chloride 


1 


518.2574 


35 


Benzenesulfonyl 
chloride 




6 


1 


551.2482 
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36 


1 -Methylimida2ole-4- 
sulfonyl chloride 


0.5/ 

o 

CH3 


555.2527 


37 


Methyl isocyanate 


V 


468.2766 


38 


Isopropyl isocyanate 


1 

HgC^NH 
CH3 


496.3044 


39 


Phenyl isocyanate 


V 


530.2836 


40 


4- 

Morpholinylcarbonyl 
chloride 




524.301 1 


41 


4-MethyH- 
Piperazinecarbonyl 
chloride 


V 

N 

CH3 


537.3329 



Examples 42 - 78 

A solution of l-[4-amino-7-(3-aminopropyl)-2-(methoxyniethyl)-l//-miidazo[4,5-- 
c]quinolin-l-yl]-2-methylpropan-2-oI (35 mg, 0.1 mmol, 1.0 eq) in a mixture of 
chlorofonn (1 mL), 7y,iV-dimethylacetamide (about 80 jiL), mdN.N- 
diisopropylethylamine (36 |iL) was added to a test tube containing a reagent from the table 
below (1.1 eq). The tube was vortexed overnight at ambient temperature and then the 
reaction was quenched with water (50 nL). The solvent was removed by vacuum 
centrifugation and the compound was purified using the method described in Examples 19 
- 24. The table below shows the reagent used for each example, the structure of the 
resulting compound, and the observed accurate mass for the isolated trifluoroacetate salt. 
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Example 



Reagent 



R 



Measured Mass 
(M+H) 



42 



Propionyl chloride 



H3C 



r 



414.2485 



43 



44 



45 



46 



Cyclopropanecarbonyl 
chloride 



A 



Butyryl chloride 




Isobutyryl chloride 



HjC^CH, 



Cyclopentanecarbonyl 
chloride 




426.2527 



428.2683 



428.2637 



454.2795 



47 



Cyciohexanecaibonyl 

chloride 




468.2937 



48 



Dimethylaminoacetyl 
chloride hydrochloride 



CH, 



443.2772 



49 



O 



3 -Methoxybenzoyl 
chloride 



O 
CH 




492.2614 
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50 


3-Chlorobenzoyl chloride 


c,X) 


496.2090 






■^'^ 




51 


4-Chlorobeiizoyl chloride 


CI 


496.2094 


52 


Methanesulfonyl chloride 




436.1988 










53 


Ethanesmfonyl chlonde 


450.2188 










54 


1 -Propanesulfony 1 
chloride 


? 

CH, 


464.2343 






^ 0 

HjC^^CHg 




55 


Isopropylsulfonyl 
chloride 


464.2345 






1 

HgC'^^CHa 




56 


JLiimctnyisuiianioyi 
Ciiionde 


465.2298 






■ 

J 

HjC"^ 






1-Butanesulfonyl 
chloride 








^ 0 
F^F 




Do 


Trifluoromethanesulfonyl 
chloride 




















59 


1 -Methyliniidazole-4- 
sulfonyl chloride 


CH3 


502.2260 
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60 


2,2,2- 

Trifluoroethanesulfonyl 
chloride 




504.1884 


61 


3- 

Methoxybenzemesulfonyl 


0' 

1 

r»Li 

Cn 


0.. 

c 

3 


D 

s 


• 

1 


528.2272 


62 


3 -Chlorobenzenesulfony 1 
chloride 




0. 

j: 


0 

k 


! 


532.1821 


63 


4-Chlorobenzenesiilfonyl 
chloride 


c 

( 


CI 




532.1793 


64 


3-Pyridine sulfonyl 
chloride hydrochloride 






499.2130 


65 


Methyl isocyanate 


1 V 


415.2461 


66 


Ethyl isocyanate 


V 

^NH 


429.2572 


67 


IsoDroDvl isocyanate 

• 


V 


443.2747 


6S 


w-Propyl isocyanate 


V 

^NH 

1 H3C 
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69 


Phenyl isocyanate 




0 




477.2596 


70 


Cyclohexyl isocyanate 


r 


0 


,NH 


483.3073 


71 


3-Methoxyphenyl 
isocyanate 


( 


1 


V 

^NH 


507.2736 


72 


4-Methoxyphenyl 
isocvanate 


o" 

CH 


c 


V 

^NH 

r 


507.2714 


73 


3 -ChloroT)henvl 
isocyanate 


i 


c 

? 

CI 


^NH 


511.2195 


74 


4-Chlorophenyl 
isocyanate 


cr 


c 


V 

^NH 

r 


511.2211 


75 


1 -Pyrrolidinecarbonyl 
chloride 


V 


455.2779 


16 


1 -Piperidinecarbonyl 
chloride 








469.2917 

* 


77 


4-Morpholinylcarbonyl 
chloride 


V 

0 


471.2733 
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V 






4-Methyl-l- 






78 


piperazinecarbonyl 




484.2990 




chloride 










CH3 





Examples 79 - 95 

A solution of 3 -[4-amino- 1 -(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)- 1 //- 
imidazo[4,5-c]quinolin-7-yl]pxopanoic acid (20 mg, 0.1 mmol, 1 eq) in 1:1 
methanol :dichloromethane (2 mL) was placed in a test tube. The solvent was removed by 
vacuum centrifugation. A solution of 1 -hydroxybenzotriazole (29 mg) in pyridine (1 mL) 
was added to the tube. The tube was sonicated for 1 5 minutes to provide a uniform 
suspension, A solution of iV^-(3-dimethylaminopropyl)-A^-ethylcarbodiimide (350 mg) in 
pyridine (100 |liL) was added to the tube and the mixture was stined for about 30 minutes. 
A reagent (2 eq) from the table below was added, the reaction mixture was stirred at 
ambient temperature overnight, and then the reaction was quenched with water (100 \iL). 
The solvent was removed by vacuum centrifugation and the compound was purified using 
the metliod described in Examples 1 9 - 24. The table below shows the reagent used for 
each example, the structure of the resulting compound, and the observed accurate mass for 
the isolated trifluoroacetate salt. 



NH2 

[ OH ' 

R 


Example 


Reagent 


R 


Measured Mass 
(M+H) 


79 


Isopropylamine 


1 

H,C^NH 

CH3 


414.2520 


80 


Cyclopentylamine 


a"" 


440.2655 

. . . 
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81 


Piperidine 




1 


1 


440.2705 


82 


(i?)-3- 

TT J 1* J* 

Hydroxypyrrohdme 


6 

OH 


442.2455 


83 


3-Methoxypropylamine 


r 

H3C° 


1 


444.2607 


84 


2-Methylpiperidine 


1 


454.2857 


85 


Tetrahydrofurfurylamine 




1 


456.2646 


86 


3,5-Dimethylpiperidine 




1 




468.2977 


0 / 


1 niopnene-z-cinyiaiiiinc 




1 


4X7. 91Q8 


88 


Nipecotamide 


0 


i 


1 

D 


483.2740 


89 


1 - Acetylpiperazine 


N 


483.2754 
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90 


4-Piperidineethanol 


c 

OH 


1 

r 


1 


484.2943 


91 


1,1- 

Dioxidotetrahydrothien- 
3-ylamine 


Ah 

0=8.-^ 
0 


490.2134 


92 


1 -(3-Aminopropyl)-2- 
pyrrolidinone 




1 


497.2887 


93 


Metiiyl isonipecotaie 


o" 

CH 


1 

'? 

3 


4Q8 2765 


94 


1 - Adamantanamine 


O 


Jm 


506.3137 


95 


Ethyl 2-ainino-4- 
thiazoleacetate 


V 

H3C 


1 

S^NH 


541.2277 



Example 96 

2-(4-Amino- 1 -isobutyl-1 /f-imidazo[4,5-c]quinolin-8-yl)ethanol 
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OH 



Part A 

8-Bromo-l-isobutyl-l//-imidazo[4,5-c]quinoliii-.4-anime (22.0 g, 68.9 mmol), 
triethylamine (19.20 mL, 137.8 mmol), dichloro[l,r- 

bis(diphenylphosphino)ferrocene]palladium (II) dichloromethane (1.00 g, 1.37 mmol), and 
potassium vinyltrifluoroborate (10.15 g, 75.81 mmol) were dissolved in n-propanol (20 
mL/g). The amber colored solution was heated at reflux temperature for 18 hours and then 
cooled to ambient temperature. The reaction was concentrated under reduced pressure. 
The resulting solid was slurried in 1% aqueous sodium carbonate and a fine powder was 
collected by filtration. The powder was sequentially washed with acetonitrile (5 mL/g) and 
10% sodium hydroxide (500 mL). A final purification using a HORIZON HPFC system 
(silica cartridge, eluting with 4% methanol/dichloromethane) provided 10 g of 1-isobutyl- 
8-vinyl-l//-imidazo[4,5-c]quinoIin-4-amine as an off-white sohd, MS (APCI) w/z 267 (M 

+ H)^ 
PartB 

A 500 mL round bottom flask was charged with l-isobutyl-8-vinyl-l//- 
imidazo[4,5-c]quinolin-4-amine (850 mg, 3.2 mmol) and 200 mL of tetrahydrofuran. The 
flask was purged with nitrogen. A solution of 9-borabicyclo[3 .3.1 ]nonane (0.5M in ^ 
tetrahydrofuran, 8.5 mL, 4.25 nunol) was added in one portion and the reaction was stirred 
overnight. Additional 9-borabicyclo[3.3.1]nonane (0.5M in tetrahydrofuran, 12.5 mL, 6.25 
mmol) was added and the mixture was stirred for approximately 24 hours. The reaction 
was cooled to 0 "^C with an ice/water bath and 30% H2O2 (2 mL) was added dropwise. 
After 5 minutes, 10% NaOH (5mL) was added dropwise. The reaction was stirred for 30 
minutes, diluted with water (100 mL) and then extracted with chloroform (3x lOOmL). 
The combined organic fractions were concentrated under reduced pressure and purified by 
chromatography using a HORIZON HPFC system (silica cartridge, eluting with a gradient 
of 0-30% CMA in chloroform) followed by recrystallization from acetonitrile to provide 
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580 mg of 2-(4-amino-l-isobutyl-lif-imidazo[4,5-c]qumolin-8-yl)ethanol as an off-white 
solid, mp 214-216 °C. 

'H NMR (500 MHz, DMSO-rftf) 8 8.15 (s, IH), 7.82 (m, IH), 7.54 (d, 7 = 8.4 Hz, IH), 
7.31 (dd, J= 8.4, 1.4 Hz, IH), 6.47 (br s, 2H), 4.68 (t, J= 5.2 Hz, IH), 4.39 (d, J= 7.3 Hz, 
2H), 3.71-3.68 (m, 2H), 2.87 (t, J= 7.0 Hz, 2H), 2.18 (septet, J= 6.8 Hz, IH), 0.93 J= 6.6 

Hz,6H); 

'^C NMR (125 MHz, DMSO-rffi) 6 151.5, 143.3, 143.0, 132.1, 131.4, 128.1, 128.0, 125.8, 
119.9, 114.5, 62.2, 53.3, 38.8, 28.3, 19.1; 
MS (ESI) /m/z 285 (M + Uf; 

Anal. Calcd. for C16H20N4O: C, 67.58; H, 7.09; N, 19.70. Found: C, 67.51; H, 7.36; N, 
19.74. 

Example 97 

3-[4-Amino-l-(2-hydroxy-2-methylpropyl)-iy/-iniidazo[4,5-c]quinolin-7-yl]-l- 

(morpholin-4-y l)propan- 1 -one 



Methyl 3-[4-aiiiino-l-(2-hydroxy-2-methylpropyl)-l/f-imidazo[4,5-c]quinolin-7- 
yl]propanoate (2.3 g, 6.7 mmol) was stirred in Claisen's alkali (50 mL) for 30 minutes. 
The solution was concentrated under reduced pressure. The resulting white solid was 
dissolved in water (200 mL) and washed with chloroform (4x 50 mL). Citric acid was 
added to the aqueous fraction until the pH was 5-6. A fme white precipitate formed that 
was obtained by filtration to provide 2.5 g of wet 3-[4-aniino-l-(2-hydroxy-2- 
methylpropyl)-l//-iniidazo[4,5-c]quinolin-7-yl]propanoic acid as a white solid. MS (ESI) 

m/z 329 (MH- H)^ 
PartB 

3-[4-Amino-l<2-hydroxy-2-inethylpropyl)-l//-imidazo[4,5-c]quinolin-7-^^^ 
propanoic acid (500 mg, 1.5 mmol), anhydrous A^,A^-dimethylformamide (25 mL), and 1- 




NH 



Part A 
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hydroxybenzotriazole (250 mg, 1.8 mmol) were combined and the reaction was stirred for 
15 minutes. l-(3-Dimethylaminopropyl)-3-ethylcaxbodiimide (350 mg, 1.8 mmol) was 
added and the reaction mixture was stirred for an additional 30 minutes. Morpholine (400 
mg, 2.3 mmol) was added to the reaction slurry. After five hours 1 -hydroxybenzotriazole 

5 (250 mg, 1.8 mmol), l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide (350 mg, 1.8 

mmol), and morpholine (400 mg, 2,3 mmol) were added and the mixture was heated at 70 
""C for 2 hours. After cooling to ambient temperature, the solvent was removed under 
reduced pressure and the residue was partitioned between chloroform (100 ml) and 1% 
aqueous sodium carbonate (50 mL). The fractions were separated and organic fraction 

10 was washed 1% aqueous sodium carbonate (2x 50 mL). The combined aqueous fractions 
were back extracted with chloroform (50 mL). The combined organic fractions were dried 
(MgS04), filtered, and concentrated under reduced pressure. The resulting off-white solid 
was purified by chromatography \ising a HORIZON HPFC system (silica cartridge, 
eluting with a CMA: chloroform gradient; 0-5% CMA over 75 mL, 5-35% over 1500 mL, 

15 and 35% for 600 mL) followed by recrystallization from acetonitrile to provide 335 mg of 
3-[4-amino-l-(2-hydroxy-2-methylpropyl)-li/-imida2o[4,5-c]quinolin-7-yl]-l- 
(morpholin-4-yl)propan-l-one as an off-white solid, mp 217-218 ^C. 
^HNMR(500 MHz, DMSO-^f^) 8 8.20 (d,y= 8.4 Hz, IH), 8.03 (s, IH), 7.45 (d, J= 1.3 
Hz, IH), 7.10 (dd, 7= 8.4, 1.5 Hz, IH), 6.50 (br s, 2H), 4.83 (s, IH), 4.51 (s, 2H), 3.51- 

20 3.40 (m, 8H), 2.92 (m, 2H), 2.69 (m, 2H), 1.16 (s, 6H); 
MS (APCI) m/z 398 (M + H)^; 

Anal. Calcd. for C21H27N5O3: C, 63.46; H, 6.85; N, 17.62. Found: C, 63.29; H, 6.97; N, 
17.83. 

Example 98 

25 3-[4-Amino-2-ethyl- 1 -(2-hydroxy-2-methylpropyl)- li/-imidazo[4,5-c]quinolin-7-yl]- 1 - 



(morpholin-4-y l)propan- 1 -one 
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3-[4-Amino-2-e%l-l-(2-hydroxy-2-methylpropyl)-l/f-imidazo[^ 
yl]propanoic acid (500 mg, 1.4 mmol), chloroform (100 mL) and 1-hydroxybenzotriazole 
(575 mg, 4.26 mmol) were combined and then stirred for 30 minutes. l-(3- 
Dimethylaminopropyl)-3-ethylcarbodiimide (1.00 g, 5.2 mmol) was added and the 
reaction was stirred for 30 minutes. Morpholine (lOmL) was added in one portion. After 4 
hours, 1% aqueous sodium carbonate (100 mL) was added and the mixture was stirred. 
The fractions were separated and the organic fraction was sequentially washed with 1 % 
aqueous sodium carbonate (50 mL), dried (MgS04), filtered, and concentrated to a white 
solid. Recrystallization from acetonitrile provided 225 mg of 3-[4-amino-2-ethyH-(2- 
hydroxy-2-methyl-propyl)4H-imidazo[4,5-c]quinolin-7-yl]-l-(morpholin-4-yl)propan-l- 

one as a white solid, mp 237-239 °C. 

NMR (500 MHz, DMSO-^/d) 5 8.14 (d, J= 8.5 Hz, IH), 7.42 (d, 7= 1.5 Hz, IH), 7.08 
(dd, y = 8.5, L7 Hz, IH), 6.30 (br s, 2H), 4.76 (s, IH), 4.51 (br s, 2H), 3.51-3.40 (m, 8H), 
3.04 (quartet, J- 7.4 Hz, 2H), 2.91 (m, 2H), 2.68 (m, 2H), 1.34 (t, J- 7.4 Hz, 3H), 1.16 
(br s, 6H); 

MS (APCI) m/z 426 (M + H)^; 

Anal. Calcd. for C23H31N5O3: C, 64.92; H, 7.34; N, 16.46. Found: C, 64.93; H, 7.31; N, 
16.60. 

Example 99 

1 - {4- Amino-7-[2-(methylsulfonyl)ethyl])- li^-imidazo [4,5 -c]quinolin- 1 -yl } -2- 

methylpropan-2-ol 




Part A 

A thick walled glass tube, equipped with a stir bar, was charged with palladium (II) 
acetate (15 mg, 0.07 mmol), acetonitrile (50 mL), methyl vinyl sulfone (268 mg, 2.52 
nunol), trietiiylamine (1.00 mL, 7.17 mmol), tri-o-tolylphosphine (45 mg, 0.21 mmol) and 
l-(4-amino-7-bromo-l/f-imidazo[4,5-c]quinolin-l-yl)-2-metiiylpropan-2-ol (800 mg, 2.39 
mmol). The reaction mixture was purged with nitrogen and the tube was sealed and heated 
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at 120 °C in an oil bath. The reaction was maintained at 120 ""C for 12 hours, cooled to 
ambient temperature, and then concentrated under reduced pressure to yield a dark brown 
oil. The oil was partitioned between chloroform (75 mL) and a solution comprised of a 1:1 
combination of 10% aqueous potassium carbonate and 10% sodium hydroxide. A 
precipitate formed. The mixture was filtered and the recovered solid was purified by 
chromatography using a HORIZON HPFC system (siUca cartridge, eluting with 20% 
methanol m dichloromethane. The filtrate was also concentrated and the residue purified 
by chromatography using a HORIZON HPFC system (silica cartridge, eluting with a 0-8% 
gradient of methanol in dichloromethane). The two lots of purified product were combined 
to provide 380 mg of l-{4-amino-7-[2<methylsulfonyl)ethenyl]-li/-iinidazo[4,5- 
c]quinolin-l-yl}-2-methylpropan-2-ol as a pale yellow solid. MS (APCI) m/z 361 (M + 
H)^ 
PartB 

A glass Parr vessel was charged with 10% palladium on carbon (0.1 g), methanol 
(50 mL) and l-{4-amino-742-(methylsulfonyl)ethenyl]-l^-imidazo[4,5-c]quinolin-l-yl}- 
2-methylpropan-2-ol (380 mg, 1.05 mmol). The vessel was evacuated and charged with 
hydrogen gas (40 psi, 2.8 x 10^ Pa). The reaction was shaken at 50 °C for approximately 
1 8 hours. The reaction was cooled to ambient temperature, filtered, and then concentrated 
under reduced pressure. The resulting crude product was purified by chromatography 
using a HORIZON HPFC system (silica cartridge, elutmg with a 0-35% gradient of CMA 
in chloroform) followed by recrystallization firom acetonitrile to provide 176 mg of l-{4- 
amino-7-[2-(methylsulfonyl)ethyl]-li/-imidazo[4,5-c]quinolin-l-yl}-2-methylprop^^ 

as an off-white solid, mp 269-271 °C. 

'H NMR (500 MHz, DMSO-rf^) 8 8.25 (d, J= 8.5 Hz, IH), 8.05 (s, IH), 7.50 (d, J= 1 .5 
Hz, IH), 7.15 (dd, 7= 8.4, 1.7 Hz, IH), 6.54 (br s, 2H), 4,83 (s, IH), 4.52 (s, 2H), 3.52- 
3.49 (m, 2H), 3.13-3.10 (m, 2H), 3.00 (s, 3H), 1.16 (s, 6H); 

*^CNMR(125 MHz, DMS0-fl?tf)5 152.1, 145.2, 143.8, 136.3, 132.6, 127.1, 125.3, 121.5, 
121.1, 113.6, 69.4, 56.1, 54.3, 40.1, 27.7, 27.0; 
MS (APCI) m/z 363 (M + H)^; 

Anal. Calcd. for Ci7H22N4O3S»0.33CH3CN: C, 56.42; H, 6.16; N, 16.13. Found: C, 56.23; 
H, 6.17; N, 16.16. 
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Example 100 

3-[4-Amino-2-ethyl-l -(2-hydroxy-2-methylpropyl)- 

dimethylpropanamide 




5 PartA 

A thick walled glass tube, equipped with a stir bar, was charged with palladium (II) 
acetate (50 mg, 0.22 mmol), acetonitrile (50 mL), triethylamine (1 .80 mL, 13.0 mmol), tri- 
o-tolylphosphine (200 mg, 0.65 mmol), iV,iV-dimethylacrylamide (51 1 mg, 5.16 mmol) 
and l-(7-bromo-2-ethyl-li/-imida2X)[4,5-c]quinolin-l-yl)-2-methylpro^^ (1.50 g, 

0 4.30 mmol). The reaction mixture was purged with nitrogen and the tube was sealed and 
heated at 120 °C in an oil bath. The reaction was maintained at 120 ""C for 18 hours and 
then cooled to ambient.temperature. Upon cooling a precipitate formed that was dissolved 
by the addition of methanol and chloroform. The remaining insoluble material was 
removed by filtration through a 0.2 micron PTFE membrane filter. The filtrate was 

5 concentrated under reduced pressure and purified by chromatography using a HORIZON 
HPFC system (silica, eluting with a 0-25% gradient of CMA in chloroform). The resulting 
product was washed with 1% aqueous sodiimi carbonate and filtered to provide 1 .37 g of 
3-[2-ethyl-l-(2-hydroxy-2-methylpropyl)-l/f-imidazo[4,5<]quinolin-7-^^^ 
dimethylprop-2-enamide as an off-white solid, mp 196-198 °C. 

0 NMR (500 MHz, DMSO-c/tf) 5 9.15 (s, IH), 8.61 (d, 7= 8.9 Hz, IH), 8.33 (d, J= 1.3 

Hz, IH), 8.00 (dd, J= 8.9, 1.5 Hz, IH), 7.66 (d, J= 15.4 Hz, IH), 7.38 (d, /= 15.4 Hz, 
IH), 4.81 (s, IH), 4.64 (br s, 2H), 3.21 (s, 3H), 3.10 (m, 2H), 2.96 (s, 3H), 1.39 (t, J= 7.4 
Hz,3H), 1.20 (s, 6H); 
MS (ESI) m/z 367 (M + H)^; 

5 Anal. Calcd. for C2iH26N402-H20: C, 67.99; H, 7.20; N, 15.10. Found: C, 68.00; H, 7.25; 
N, 15.22. 
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PartB 

A glass Pair vessel was charged with 10% palladium on carbon (0.14 g), methanol 
(50 mL) and 3-[2-ethyl-l-(2-hydroxy-2-methylpropyl)-l//.imidazo[4,5-c]quinoli 
7\^^-dimethylprop-2-enamide (1.20 g, 3.27 mmol). The vessel was evacuated and charged 
5 with hydrogen gas (40 psi, 2.8 x 1 0^ Pa). The reaction was shaken at 50 °C for 

approximately 19 hours. After coolmg to ambient temperature, the reaction mixture was 
filtered and the filtrate concentrated to dryness to provide crude 3-[2-ethyl-l-(2-hydroxy- 
2-methylpropyl)-liy-imidazo[4,5-c]quinolin-7-yl]-//^-dimeA^^ as a white 

semi-solid. MS (APCI) m/z 369 (M + H)"". 
10 Parte 

To a stirring solution of crude 3-[2-ethyl-l-(2-hydroxy-2-methylpropyl)-l//- 
imidazo[4,5-c]quinolin-7-yl]-iV^-dimethylpropanamide, (1.2 g, 3.3 mmol) in 
dichloromethane (75 mL) was added 3-chloroperoxybenzoic acid ( 60% pure, 941 mg, 3.6 
mmol). After 1 8 hours concentrated ammonium hydroxide (50 mL) was added and the 

1 5 reaction was vigorously stirred for 1 0 minutes. /7-Toluenesulfonyl chloride (690 mg, 3 .6 
mmol) was then added in one portion and the reaction was stirred for one hour. The 
firactions were separated and the aqueous firaction was extracted with chloroform (3x 50 
mL). The combined organic fractions were concentrated under reduced pressure. 
Purification of the residue by chromatography using a HORIZON HPFC system (silica 

20 cartridge, eluting with 0-6% gradient of methanol in dichloromethane) followed by 

recrystallization from acetonitrile provided 651 mg of 3-[4-amino-2-ethyl-l-(2-hydroxy- 

2-raethylpropyl)-l/^imidazo[4,5-c]quinolin-7-yl]-iV,iV-dimethylpropanamide as an off- 
white solid, mp 234-237 °C. 

'H NMR (500 MHz, DMSO-rftf) 6 8.14 (d, J= 8.5 Hz, IH), 7.42 (d, J= 1.6 Hz, IH), 7.08 
25 (dd. y = 8.5, 1 .7 Hz, IH). 6.30 (br s, 2H), 4.76 (s, IH), 4.51 (br s, 2H), 3.04 (q, 7= 7.4 Hz, 
2H), 2.94 (s, 3H), 2.89 (m, 2H), 2.83 (s, 3H), 2.66 (m, 2H), 1.34 (t. J= 7.4 Hz, 3H), 1.16 
(br s, 6H); 

'^C NMR (75 MHz, DUSO-de) 5 171.2. 155.5. 151.5, 144.9, 139.0, 133.5, 125.6, 125.1, 
121.2, 120.8, 113.4, 70.6, 54.4, 36.5, 34.7, 33.9, 30.5, 27.5, 20.3, 12.0; 
30 MS (ESI) m/z 384 (M + H)*; 

Anal. Calcd. for C21H29N5O2: C, 65.77; H, 7.62; N, 18.26. Found: C, 65.76; H, 7.67; N, 
18.35. 
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Example 101 

l-{3-[4-Amino-2-(2-methoxyethyl)-8-(3-morphoIin-4-yl-3K)XO^^^ 
imidazo[4,5-c]quinolin-l-yl]propyl}pyrrolidin-2-one 




Part A 

A thick walled glass tube, equipped with a stir bar, was charged with palladium (II) 
acetate (8 mg, 0.04 mmol), acetonitrile (50 mL), triethylamine (0.9 mL, 5.2 mmol), tri-o- 
tolylphosphine (30 mg, 0.10 mmol), 4-acryloylmorpholine (271 mg, 1.91 mmol) and l-{3- 
[8 -bromo-2-(2-methoxyethyl)- 1 //-imidazo [4, 5 -c] quinolin- 1 -y l]propy 1 } pyrro Iidin-2-one 
(0.75 g, 1 ,7 mmol). The reaction mixture was purged with nitrogen and the tube was 
sealed and heated at 120 in an oil bath. The reaction was maintained at 120 °C for 15 
hours and then cooled to ambient temperature. Upon cooling a precipitate formed that was 
dissolved by the addition of methanol and chloroform. The remaining insoluble material 
was removed by filtration through a 0.2 micron PTFE membrane filter. The filtrate was 
concentrated to dryness and purified by chromatography using a HORIZON HPFC system 
(silica cartridge, eluting with a 0-6% gradient of methanol in dichloromethane) to provide 
an off-white solid. 

A glass Parr vessel was charged with 10% palladium on carbon (0.08 g), methanol 
(50 mL) and the solid. The vessel was evacuated and charged with hydrogen gas (40 psi, 
2.8 X 10^ Pa). The mixture was shaken at 50 °C for approximately 19 hours. After 
cooling to ambient temperature, the reaction mixture was filtered and the filtrate was 
concentrated to dryness to provide crude l-{3-[2-(2-methoxyethyl)-8-(3-morpholin-4-yl-3- 
oxopropyl)-! //-imidazo [4,5 -c]quinolin-l-yl] propyl }pyrrolidin-2-one as a white semi- 
sohd. MS (ESI) m/z 494 (M + H)^. 
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PartB 



To a stirring solution of crude l-{3-[2-(2-methoxyethyl)-8-(3-niorpholin-4-yl-3- 
oxopropyl)-li/-imidazo[4,5-c]quinolin-l-yl] propyl}pyrrolidin-2-one, (0.85 g) in 
dichloromethane (75 mL) was added 3-chloroperoxyben2X)ic acid (60% pure, 500 mg, 1.91 
nunol). After 18 hours concentrated ammonium hydroxide (50 mL) was added and the 
reaction was vigorously stirred for 10 minutes. /?-Toluenesulfonyl chloride (690 mg, 3.60 
mmol) was added in one portion and the mixture was stirred for one hour. The fractions 
were separated and aqueous fraction was extracted with chloroform (3x 50 mL). The 
combined organic fractions were concentrated under reduced pressure. Purification by 
chromatography using a HORIZON HPFC system (silica cartridge, eluting with a gradient 
of 0-30% CMA in chloroform) followed by recrystalhzation from acetonitrile provided 75 
mg of 1 - { 3 - [4-amino-2-'(2-methoxyethyl)-8-(3 -morpholin-4-y 1-3 -oxopropy 1)- 1 //- 
imidazo[4,5-c]quinolin-l-yl] propyl}pyrrolidin-2-one as a pale yellow solid, mp 168-170 

NMR (300 N4HZ, DMSO-rf^) 5 7.84 (s, IH), 7.53 (d, J = 8.5 Hz, IH), 7.32 (dd, J = 8.5, 
L5 Hz, IH), 6.35 (br s, 2H), 4.53 (m, 2H), 3.81 (t, 7= 6.6 Hz, 2H), 3.50-3.33 (m, 12H), 
3.29 (s, 3H), 3.18 (t, J= 6.7 Hz, 2H), 2.98 (m, 2H), 2.72 (m, 2H), 2..23 (m, 2H), 2.05-1.87 
(m, 4H); 

MS (APCI) m/z 509 (M + H)""; 

Anal. Calcd. for C27H36N6O4: C, 63.76; H, 7.13; N, 16.52. Found: C, 63.55; H, 6.87; N, 
16.41. 

Example 102 

3-{4-Amino-2-(2-methoxyethyl)-l-[3-(2-oxo-pyrrohdin-l-yl)propyl]-li/-imidazo[4,5- 

c]quinolin-8-yl}-Ay^-dimethylpropanamide 



O 




N 
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Part A 

A thick walled glass tube, equipped with a stir bar, was charged with palladium (II) 
acetate (8 mg, 0,04 mmol), acetonitrile (50 mL), triethylamine (0.9 mL, 5.22 mmol), tri-o- 
tolylphosphine (30 mg, 0.10 mmol), iV,iV-dimethylacrylamide (189 mg, 1.91 mmol) and 
5 l-{3-[8-bromo-2-(2-methoxyethyl)-lif-imddazo[4,5-c]quinolin-l-yl]propyl}pyn-olidin-^ 
one (0.75 g, 1.7 mmol). The reaction mixture was purged with nitrogen and the tube was 
sealed and heated at 120 °C in an oil bath. The reaction was maintained at 120 ^'C for 1 8 
hours and then cooled to ambient temperature. Upon cooling a precipitate formed that was 
dissolved by the addition of methanol and chloroform. The remaining insoluble material 

10 was removed by filtration through a 0.2 micron PTFE membrane filter. The filtrate was 
concentrated under reduced pressure and purified by chromatography using a HORIZON 
HPFC system (silica cartridge, eluting with a 0-7% gradient of methanol in 
dichloromethane) to provide 660 mg of 3-{2-(2-methoxyethyl)-l-[3-(2-oxopyrrolidin-l- 
yl)propyl]-l/f-imidazo[4,5-c]quinolin-8-yl}-//,/^-d as an ofF-white 

1 5 solid. 
PartB 

A glass Parr vessel was charged with 10% palladium on carbon (0.07 g), methanol 
(50 mL) and 3-{2-(2-methoxyethyl)-l-[3-(2-oxopyrrolidin-l-yl)propyl]-l/7-imida2o[4,5- 
c]quinolin-8-yl}-A^,iV-dimethylprop-2-enamide (0.66 g, 1.47 mmol). The vessel was 

20 evacuated and charged with hydrogen gas (40 psi, 2.8 x 10^ Pa). The mixture was shaken 
at 50 for approximately 72 hours. The reaction mixture was cooled to ambient 
temperature and filtered. The filtrate was concentrated imder reduced pressure to provide 
720 mg of crude 3-{2-(2-methoxyethyl)-l-[3-(2-oxopyrrolidin-l-yl)propyl]-li/- 
imidazo[4,5-c]quinolin-8-yl}-//,iV-dimethylpropanamide as a white semi-solid. MS (ESI) 

25 ;n/z 452 (M + H)^. 
Parte 

To a stirring solution of 3-{2-(2-methoxyethyl)-l-[3-(2-oxopyrrolidin-l- 
yl)propyl]-l//-imidazo[4,5-c]quinolin-8-yl}-A^^-dimethylpropanamide, (0.66 g) in 
dichloromethane (75 mL) was added 3-chloroperoxybenzoic acid (60% pure, 423 mg, 1.62 
30 mmol). After 1 8 hours concentrated anfmionium hydroxide (50 mL) was added and the 

reaction was vigorously stirred for 10 minutes. p-Toluenesulfonyl chloride (311 rag, 1.62 
mmol) was then added in one portion. The fractions were separated and aqueous fraction 
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was extracted with chloroform (3x 50 mL). The combmed organic fractions were 
concentrated under reduced pressure and purified by chromatography using a HORIZON 
HPFC system (silica cartridge, eluting with a 0-30% gradient of CMA in chloroform). The 
resulting product was washed with a 1% aqueous sodixmi carbonate and then recrystallized 
from acetonitrile to provide 75 mg of 3-{4-amino-2-(2-methoxyethyl)-l-[3-(2- 
oxopynrolidin-l-yl)propyl]-l//-imidazo[4,5-c]quinolin-8-yl}-7\^^-<iimeA^ as 
an off-white solid, mp 184-186 °C. 

NMR (300 MHz, DUSO-de) 6 7.84 (d, J= 1.0 Hz, IH), 7.53 (d, J= 8.5 Hz, IH), 7.32 
(dd, J= 8.5, 1.5 Hz, IH), 6.35 (br s, 2H), 4.53 (m, 2H), 3.81 (t, 7= 6.7 Hz, 2H), 3.42-3.34 
(m, 4H), 3.30 (s, 3H), 3.18 (t, J= 6.7 Hz, 2H), 3.00-2.92 (m, 5H), 2.82 (s, 3H), 2.70 (m, 
2H), 2.23 (m, 2H), 2.06-1.86 (m, 4H); 
MS (ESI) m/z 467 (M + H)""; 

Anal. Calcd for C25H34N6O3: C, 64.36; H, 7.35; N, 18.01. Found: C, 64.47; H, 7.33; N, 
18.11. 

Example 103 

1 - {4- Amino-2-ethy 1-7- [3 -0X0-3 -( 1 3 -thiazolidin-3 -y l)propy 1] - 1 //-inwdazo [4,5 -c^ 

1 -yl} -2-methylpropan-2-ol 




Part A 

A glass Parr vessel was charged with 1 0% palladium on carbon (1 .0 g), methanol 
(75 mL), ethanol (75 mL) and methyl 3-[4-amino-2-ethyl-l-(2-hydroxy-2-methylpropyl)- 
l//-imidazo[4,5-c]quinolin-7-yl]prop-2-enoate (approximately 4 g, 10.8 mmol). The 
vessel was evacuated and charged with hydrogen gas (40 psi, 2.8 x 10^ Pa). The mixture 
was shaken at 50 °C for approximately 18 hours. The reaction mixture was cooled to 
ambient temperature and filtered. The filtrate was concentrated under reduced pressure to 
provide 3.55 g of methyl 3-[4-amino-2-ethyl-l-(2-hydroxy-2-methylpropyl)-l//- 
imidazo[4,5-c]quinolin-7-yl]propanate as an off-white solid. MS (ESI) m/z 371 (M + Hf. 
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PartB 

Methyl 3-[4"aimno-2-ethyl-l-(2-hydroxy-2-methylpropyl)-l//-imid 
c]quinolin-7-yl]propanate was slurried in Claisen's alkali (50 mL) for 30 minutes and then 
concentrated to dryness. The resulting solid was dissolved in water (200 mL) and citric 
5 acid was slowly added until the pH reached 5-6. A fine off-white precipitate formed. 
Filtration provided 2.83 g of 3-[4-amino-2-ethyM-(2-hydroxy-2-methylpropyl)-ljH"- 
imidazo[4,5-c]quinolin-7-yl]propanoic acid as an off-white solid. MS (ESI) in/z 357 (M 4- 
Yif. 
Parte 

10 A round bottom flask, equipped with a stir bar, was charged with 3-[4-amino-2- 

ethyH -(2-hydroxy-2-methylpropyl)-l//-imidazo[4,5-c]quinolin-7-yl]propanoic acid (500 
mg, 1 .40 mmol), anhydrous pyridine (50 mL) and 1-hydroxybenzotriazole (379 mg, 2.80 
mmol). After 30 minutes of stirring l-(3-dimethylaminopropyl)-3-ethylcarbodiimide (537 
mg, 2.80 mmol) was added to the reaction mixture in two portions. After 15 minutes, 

1 5 thiazolidine (250 mg, 2.80 mmol) was added in one portion. The pale yellow solution was 
stirred for 18 hours and then concentrated under reduced pressure. The resulting foam was 
dissolved in dicWoromethane and washed with 1% aqueous sodiimi carbonate (2x 15 mL). 
The combined aqueous firactions were extracted with chloroform (3x 30 mL), The 
combined organic fractions were purified by chromatography using a HORIZON HPFC 

20 system (silica cartridge, eluting with a 0-25% gradient of CMA in chloroform) followed 

by recrystallization from acetonitrile to provide 516 mg of l-{4-amino-2-ethyl-7-[3-oxo-3- 
(1 ,3-thiazolidin-3-yl)propyl]-l/f-imidazo[4,5-c]quinolin-l -yl} -2-methylpropan-2-ol as a 
white solid, mp 210-212 °C. 

NMR (300 MHz, DMSO-rf^) 8 8.15 (d, y= 8.5 Hz, IH), 7.44 (d, J= 1.7 Hz, IH), 7.09 

25 (dd, J= 8.5, 1.8 Hz, IH), 6.35 (br s, 2H), 4.76 (s, IH), 4.60-4.44 (m, 4H), 3.72-3.63 (m, 
2H), 3.08-2.88 (m, 6H), 2.73 (m, 2H), 1.34 (t, /= 7.5 Hz, 3H), 1.17 (br s, 6H); 
MS (ESI) in/z 428 (M + H)"^; 

Anal. Calcd. for C22H29N5O2S: C, 61.80; H, 6.84; N, 16.38. Found: C, 61.55; H, 6.92; N, 
16.50, 

30 Example 104 

l-{4-Amino-2-(methoxymethyl)-7-[2-(methylsulfonyl)ethyl]-l//-imidazo[4,5-c]quinolin- 

1 -yl}-2-methylpropan-2-ol 
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Part A 

A thick walled glass tube, equipped with a stir bar, was charged with palladium (II) 
acetate (12 mg, 0.05 mmol), acetonitrile (20 mL), iV,iV-dimethylformamide (15 mL) 
triethylamine (1.10 mL, 7.92 mmol), tri-o-tolylphosphine (48 mg, 0.16 mmol), methyl 
vinyl sulfone (294 mg, 2.77 mmol) and l-[4-amino-7-bromo-2-(methoxymethyl)-l/f- 
imidazo[4,5-c]quinolin"l«yl)-2-methylpropan-2-ol (1.00 g, 2.64 mmol). The reaction 
mixture was purged with nitrogen. The tube was sealed and heated at 120 °C in an oil bath. 
The reaction was maintained at 120 °C for 1 8 hours and then cooled to ambient 
temperature. The reaction was filtered and the filtrate was concentrated under reduced 
pressure. The resulting solid was partitioned between chloroform (100 mL) and aqueous 
1% sodium carbonate (100 mL). The fractions were separated and the aqueous fraction 

■ 

was extracted with chloroform (5x 50 mL), The combined organic fractions were 
concentrated and purified by chromatography using a HORIZON HPFC system (silica 
cartridge, eluting with 0-6% gradient of methanol in dichloromethane) to provide 750 mg 
of 1 -{4-amino-2-(methoxymethyl)-7-[2-(methylsulfonyl)ethenyl]-liir-imidazo[4,5- 
c]quinolin-l-yl}-2-methylpropan-2-ol as a yellow semi-solid. MS (ESI) m/z 405 (M + H)^. 
Parts 

A glass Parr vessel was charged with 10% palladium on carbon (200 mg), 
methanol (12.5 mL), ethanol (12.5 mL) and l-{4-amino-2-(methoxymethyl)-7-[2- 
(methylsulfonyl)ethenyl]- 1 //-imidazo [4,5 -cjquinolin- 1 -yl } -2-methylpropan-2-ol (750 mg, 
1.85 mmol). The vessel was evacuated and charged with hydrogen gas (40 psi, 2.8 x 10^ 
Pa). The mixture was shaken at 50 °C for approximately 18 hours and then cooled to 
ambient temperature. The reaction mixture was sequentially filtered through a 0.2 micron 
PTFE membrane filter, concentrated under reduced pressure, and purified by 
chromatography using a HORIZON HPFC system (siUca cartridge, eluting with 0-7% 
gradient of methanol in dichloromethane) to provide 195 mg of l-{4-amino-2- 
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(methoxymethyl)-7-[2-(methylsulfonyl)ethyl]- 1 /f-imidazo [4,5 -cjquinolin- 1 -y 1 } -2- 
methylpropan-2-ol as a white solid, mp 210-212 °C. 

*H NMR (500 MHz, DMSO-rftf) 5 8.22 (d, /= 8.5 Hz, IH), 7.51 (d, J= 1.7 Hz, IH), 7.15 
(dd, 7= 8.5, 1.8 Hz, IH), 6.63 (br s, 2H), 5.20-4.50 (m, 5H), 3.51 (m, 2H), 3.30 (s, 3H), 
3.12 (m, 2H), 3.00 (s, 3H), 1.16 (br s, 6H); 

*^CNMR(125MHz,DMSO-dd)8 151.9, 150.3, 145.2, 136.4, 134.1, 125.8, 125.3,121.5, 
121.1, 113.6, 70.5, 66.5, 57.6, 54.7, 54.2, 40.1, 27.6, 27.5; 
MS (APCI) m/z 407 (M + H)^; 

Anal, Calcd. for Ci9H26N404S*CH3CN: C, 56.35; H, 6.53; N, 15.56. Found: C, 56.10; H, 
6.55; N, 15.56. 



A stirring solution of l-{4-amino-2-(methoxymethyl)-7-[2-(methylsulfonyl)ethyl]- 
li/-imidazo[4,5-c]quinolin-l-yl}-2-methylpropan-2-ol (340 mg, 0.84 mmol) in 
dichloromethane (40 mL) was sealed with a septum and purged with nitrogen gas. The 
solution was cooled in an ice/water bath and a 1.0 M solution of boron tribromide in 
dichloromethane (4.2 mL) was added via syringe. The resulting mixture was stirred for 1 8 
hours while warming to ambient temperature. The mixture was cooled back to 0 °C in an 
ice/water bath and the second portion of boron tribromide (1 .0 M, 4.2 mL) was added. The 
reaction was stirred for 3 hours while warming to ambient temperature. Methanol (30 mL) 
was added and the mixture was concentrated to a purple foam. The foam was dissolved in 
10% aqueous hydrochloric acid (30 ml) and washed with chloroform (2x 25 mL). The 
aqueous fraction was neutralized by the slow addition of solid potassium carbonate imtil 
the pH reached 1 1 . The aqueous fraction was extracted with chloroform (2x 50 mL) and 
allowed to stand overnight. The resulting solid was recovered by filtration to provide 126 



Example 105 

l-{4-Amino-2-(hydroxymethyl)-7-[2-(methylsulfonyl)ethyl]-l//-imidazo[4,5- 

c]quinolin-l-yl}-2-methylpropan-2-ol 




NH 
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mg of 1 - {4-amino-2-(hydroxymethyl)-7- [2-(methylsulfonyl)ethyl] - 1 i?-iinidazo [4,5 - 

c]quinolin- 1 -y 1} -2-methylpropan-2-oI 

as a white crystalline solid, mp 221-223 °C. 

*H NMR (300 MHz, DMSO-rftf) 5 8.21 (d, J= 8.5 Hz, IH), 7.49 (d, J= 1.6 Hz, IH), 7.14 
(dd, 7= 8.5, 1.8 Hz, IH), 6.51 (br s, 2H), 5.48 (br s, IH), 5.12-4.77 (m, 3H), 4.69 (br s, 
2H), 3.51 (m, 2H), 3.11 (m, 2H), 3.00 (s, 3H), 1.17 (br s, 6H); 

'^C NMR (125 MHz,DMS0-dtf)5 153.6, 152.0, 145.3, 136.1, 133.9, 125.7, 125.4, 121.4, 
121.0, 113.8, 70.5, 56.5, 54.6, 54.3, 40.1, 27.6, 27.5; 
MS (APCI) m/z 393 (M + H)""; 

Anal. Calcd. for Ci8H24N4O4S*0.75H2O: C, 53.25; H, 6.33; N, 13.80. Found: C, 53.05; H, 
6.51; N, 13.62. 

Example 106 

3 - [4-Amino-2-(methoxymethy l)-7-(3 -morpholin-4-y 1-3 -oxopropy 1)- 1 H- 
imidazo [4,5 -c] quinolin- 1 -y l]-2-methylpropan-2-ol 




PartA 

A thick walled glass tube, equipped with a stir bar, was charged with palladium (II) 
acetate (150 mg, 0.66 mmol), acetonitrile (50 mL), N, 7V-dimethylformamide (20 mL) 
triethylamine (5.50 mL, 39.54 mmol), tri-o-tolylphosphine (600 mg, 1.98 mmol), methyl 
acrylate (294 mg, 2.77 mmol) and l-[4-amino-7-bromo-2-(methoxymethyl)-l//- 
imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2-ol (5.00 g, 13.2 mmol). The reaction 
mixture was purged with nitrogen and the tube was sealed and heated at 120 °C for 18 
hours. The reaction was cooled to ambient temperature and then concentrated to dryness 
under reduced pressure. The resulting solid was partitioned between chloroform (300 mL) 
and aqueous 1% sodium carbonate (100 mL). The fractions were separated and the 
aqueous fraction was extracted with chloroform (4x 1 00 mL). The combined organic 
fractions were concentrated and purified by chromatography using a HORIZON HPFC 
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system (silica cartridge, eluting with 0-8% gradient of methanol in dichloromethane) to 
provide a yellow semi-solid. 

The intermediate product was added to a Parr vessel with 10% palladium on 
carbon (700 mg), methanol (12.5 mL), and ethanol (12.5 mL). The vessel was evacuated 
5 and charged with hydrogen gas (40 psi, 2.8 x 10^ Pa). The mixture was shaken at 50 ^'C 
for approximately 18 hours followed by cooling to ambient temperature. The mixture was 
filtered through a 0.2 micron PTFE membrane filter and the filtrate was concentrated 
under reduced pressure to provide crude methyl 3-[4-amino-l-(2-hydroxy-2- 
methylpropyl)-2-(methoxymethyl)-li/-imida2o[4,5-c]quinolin-7-yl]propanoate as a white 
10 solid. MS (APCI) m/z 387 (M + H)"". 
PartB 

Methyl 3-[4-amino-l-(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)-l//- 
imidazo[4,5-c]quinolin-7-yl]propanoate was slurried in Claisen's alkali (50 mL) for 30 
minutes and then concentrated to dryness. The resulting solid was dissolved in water (200 
1 5 mL) and citric acid was slowly added until the pH reached 5-6. A fine off-white 
precipitate formed. Filtration provided 7.58 g of wet 3-[4-amino-l-(2-hydroxy-2- 
methylpropyl)-2-(methoxymethyl)-l//-imidazo[4,5-c]quinolin-7-yl]propanoic acid as a 
white solid. MS (APCI) m/z 373 (M + Uf. 
Parte 

20 3-[4-Amino-l-(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)-l//-iniidazo[4,5- 
c]quinolin-7-yl]propanoic acid (1.25 g, 3.30 mmol), anhydrous pyridine (75 mL) and 1- 
hydroxybenzotriazole (892 mg, 6.60 mmol) were combined and the reaction was stirred 
for 30 minutes. l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide (1.27 g, 6.60 mmol) was 
added and the reaction mixture was stirred for an additional 15 minutes. Moipholine (581 

25 mg, 6.60 mmol) was added in one portion. After stirring for 1 8 hours the solution was 

concentrated under reduced pressure. The resulting foam was dissolved in chloroform (50 
mL) and washed with 1% aqueous sodium carbonate (2x 15 mL). The combined aqueous 
washes were extracted with chloroform. The combined organic fractions were 
concentrated under reduced pressure and then purified by chromatography using a 

30 HORIZON HPFC system (silica cartridge, eluting with a CMA: chloroform gradient; 0- 
20% CMA over 1500 mL, followed by 20-25% CMA over 500 mL, and finally 25-30% 
CMA over 500 mL). A final recrystallization firom acetonitrile provided 913 mg of 3-[4- 
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amino-2-(methoxymethy l)-7-(3 -morpholin'4-yl-3 -oxopropy 1)- 1 ^^iimdaz^ 
l-yl]-2-methylpropan-2-ol as an off-white solid, mp 215-217 ''C. 

NMR (500 MHz, DMSO-rftf) 6 8.15 (d, J= 8.5 Hz, IH), 7.45 (d, 7= 1.6 Hz, IH), 7.1 1 
(dd, J= 8.5, 1,8 Hz, IH), 6.55 (br s, 2H), 5.15-4.50 (br s, 2H), 4.89 (s, IH), 4.63 (br s, 
2H), 3.51-3.39 (m, 8H), 3.30 (s, 3H), 2.92 (t, J= 7.6 Hz, 2H), 2.69 (t, J = 7.6 Hz, 2H), 
1.16(brs,6H); 
MS (ESI) m/z 442 (M + H)"^; 

Anal. Calcd. for C23H31N5O4: C, 62.57; H, 7.08; N, 15.86. Found: C, 62.42; H, 6.90; N, 
15.92. 



1 - [4- Amino-7 - [3 -( 1 , 1 -dioxidothiomorpholin-4-y l)-3 -oxopropyl]-2-(methoxy methyl)- 1 /f- 



3-[4-Amino-l-(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)-l//-iniidazo[4,5- 
c]quinolin-7-yl]propanoic acid (1.25 g, 3.30 mmol), anhydrous pyridine (75 mL) and 1- 
hydroxybenzotriazole (892 mg, 6.60 mmol) were combined and the reaction was stirred 
for 30 minutes. l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide (1.27 g, 6.60 mmol) was 
added and the reaction mixture was stirred for an additional 1 5 minutes. Thiomorpholine 
1,1 -dioxide (895 mg, 6.60 mmol) was added in one portion. After stirring for 18 hours the 
solution was concentrated under reduced pressure and the residual foam was dissolved in 
chloroform (50 mL) and washed with 1% aqueous sodium carbonate (2x 25 mL). The 
combined aqueous washes were extracted with chloroform. The combined organic 
fractions were concentrated under reduced pressure and purified by chromatography using 
a HORIZON HPFC system (sihca cartridge, eluting with a CMA: chloroform gradient; 0- 
25% CMA over 1500 mL, followed by 25-30% CMA over 500 mL, finally 30% CMA 
over 1000 mL). The resulting material was subjected to a second chromatography 



Example 107 



imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2-ol 

NH2 
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purification using a HORIZON HPFC system (silica cartridge, eluting with CMA: 
chloroform gradient; 0-25% CMA over 1500 mL, followed by 25-30% CMA over 500 
mL) followed by recrystaUization from acetonitrile to provide 1.07 g of l-[4-amino-7-[3- 
(1,1 -dioxidothiomorpholin-4-y l)-3 -oxopropy l]-2-(methoxymethyl)- 1 i/-imidazo [4,5 - 
c]quinolin-l-yl]-2-methylpropan-2-ol as a white solid, mp 190-192 °C. 
'H NMR (500 MHz, DMSO-tfd) 5 8.16 (d, J- 8.5 Hz, IH), 7.46 (d, J= 1 .4 Hz, IH), 7.1 1 
(dd, y= 8.5, 1.6 Hz, IH), 6.53 (br s, 2H), 5,14-4.50 (br s, 2H), 4.88 (s, IH), 4.64 (br s, 
2H), 3.90-3,83 (m, 4H), 3.30 (s, 3H), 3.13 (m, 2H), 3.07 (m, 2H), 2.93 (t, J= 7.5 Hz, 2H), 
2.81 (t,J-7.5 Hz, 2H), 1.16 (brs, 6H); 
MS (ESI) in/z 490 (M + H)""; 

Anal. Calcd. for C23H31N5O5S: C, 56.43; H, 6.38; N, 14.30. Found: C, 56.44; H, 6.33; N, 
14.29. 

Example 108 

3-[4-Amino- 1 -(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)- l//-imidazo[4,5- 

c]quinolin-7-yl]-iV,iV-dimethylpropanamide 




3-[4-Amino-l-(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)-l//-imidazo[4,5- 
c]quinolin-7-yl]propanoic acid (1.25 g, 3.30 nmiol), anhydrous pyridine (75 mL) and 1- 
hydroxybenzotriazole (892 mg, 6.60 mmol) were combined and the reaction was stirred 
for 30 minutes. l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide (1.27 g, 6.60 mmol) was 
added and the reaction mixture was stirred for an additional 15 minutes. Dimethylamine 
hydrochloride (540 mg, 6.60 mmol) was added in one portion and the reaction was stirred 
for an additional 4 hours. The solution was concentrated under reduced pressure and the 
resulting oil was dissolved in chloroform (50 mL) and washed with 1% aqueous sodium 
carbonate (3x 25 mL). The combined aqueous washes were extracted with chloroform. 
The combined organic fractions were purified by chromatography using a HORIZON 
HPFC system (silica cartridge, eluting with a CMA: chloroform gradient; 0-25% CMA 
over 1500 mL, followed by 25-30% CMA over 1000 mL) followed by recrystallization 
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jfrom acetonitrile to provide 931 mg of 3-[4-amino-l-(2-hydroxy-2-methylpropyl)-2- 
(methoxymethyl)-l/f"imidazo[4,5-c]quinolin-7-yl]-//,i^^^ as a white 

solid, mp 142-145 °C 

NMR (500 MHz, DMSO-rftf) 5 8.16 (d, 7= 8.5 Hz, IH), 7.45 (d, 7= 1.7 Hz, IH), 7.1 1 
(dd, J=8.5, 1.7 Hz, IH), 6.56 (br s, 2H), 5.11-4.52 (br s, 2H), 4.89 (s, IH), 4.64 (brs, 
2H), 3.30 (s, 3H), 2.94 (s, 3H), 2.91 (t, J= 7.7 Hz, 2H), 2.83 (s, 3H), 2.67 (t, J= 7.7 Hz, 
2H), 1.17 (brs, 6H); 

'^C NMR (125 MHz, DMS0-dd)8 171.2, 151.9, 150.0, 145.4, 139.7, 134.1, 125.6, 125.1, 
121.4, 121.0, 113.2, 70,5, 66.6, 57.5, 54.7, 36.5, 34.7, 33.9, 30.5, 27.5; 
MS (APCI) in/z 400 (M + Itf ; 

Anal. Calcd. for C2iH29N5O3»0.5H2O: C, 61.75; H, 7.40; N, 17.14. Found: C, 61.74; H, 
7.47; N, 17.25. 

Example 109 

N' {3 -[4- Amino- 1 -(2-hydroxy-2-methy Ipropy l)-2-(methoxymethyl)- 1 //- 
imidazo[4,5-c]quinolin-7-yl]propyl}methanesulfonamide 




Part A 

A thick walled glass tube, equipped with a stir bar, was charged with palladium (II) 
acetate (225 mg, 1.00 mmol), acetonitrile (50 mL), N, A^-dimethylformamide (20 mL) 
triethylamine (8.25 mL, 59.3 mmol), tri-o-tolylphosphine (900 mg, 2.97 mmol), 
acrylonitrile (770 mg, 21.8 mmol) and l-[4-amino-7-bromo-2-(methoxymethyl)-li/- 
imidazo[4,5-c]quinolin-l-yl)-2-methylpropan-2-ol (7.50 g, 19.8 mmol). The reaction 
mixture was purged with nitrogen and the tube was sealed and heated at 120 °C in an oil 
bath for 1 8 hours. The reaction was cooled to ambient temperature and then concentrated 
under reduced pressure. The resulting solid was partitioned between chloroform (300 mL) 
and aqueous 1% sodium carbonate (100 mL). The fractions were separated and the 
aqueous fraction was extracted with chloroform (4x 100 mL). The combined organic 
fractions were concentrated under reduced pressure and purified by chromatography using 
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a HORIZON HPFC system (silica cartridge, eluting with 0-7% gradient of methanol in 
dichloromethane) to provide 5.2 g of 3-[4-amino-l-(2-hydroxy-2-methylpropyl)-2- 
(methoxymethyl)-li/-imidazo[4,5-c]quinolin-7-yl]prop-2-enenitrile as an off-white solid. 
MS (ESI) m/z 352 (M + H)^. 
Parts 

A glass Parr vessel was charged with 10% palladium on carbon (1 .0 g), methanol 
(200 mL), trifluoroacetic acid (5.4 mL, 72.5 momol) and 3-[4-amino-l-(2-hydroxy-2- 
methylpropyl)-2-(methoxymethyl)-li/-imidazo[4,5-c]quinolin-7-yl]prop-2-enenifr^ (5.1 
g, 14.5 mmol). The vessel was evacuated and charged with hydrogen gas (40 psi, 2.8 x 10^ 
Pa). The mixture was shaken for approximately 1 8 hours and then filtered through a 0.2 
micron PTFE membrane filter and concentrated under reduced pressure. The resulting 
yellow oil was dissolved in 10% aqueous hydrochloric acid (100 mL) and stinred for 30 
minutes. The solution was made basic (pH 10) by the slow addition of potassium 
carbonate. Potassiimi hydroxide was added until pH equaled 13. The solution was then 
concentrated under reduced pressure. The resulting off-white solid was slurried in hot 
methanol (300 mL) and filtered. The hot methanol slurry procedure was repeated. The 
combined filtrates were concentrated and purified by chromatography using a HORIZON 
HPFC system (silica cartridge, eluting with a CMA: chloroform gradient; 0-30% CMA) to 
provide 4.7 g of l-[4-amino-7-(3-aniinopropyl)-2-(methoxymethyl)-li?-imidazo[4,5- 
c]quinolin-r-yl]-2-methylpropan-2-ol as an off-white foam. MS (APCI) m/z 358 (M + H)". 
Parte 

To a solution of l-[4-amino-7-(3-aminopropyl)-2-(methoxymethyl)-l/f- 
imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2-ol (1.25 g, 3.50 mmol) and triethylamine 
(2.4 mL, 17.5 mmol) cooled to 0 in a ice water bath was added methanesulfonic 
anhydride (732 mg, 4.20 nrniol). The solution was stirred for approximately 18 hours 
while warming to ambient temperature. The solution was concentrated imder reduced 
pressure and partitioned between 1% aqueous sodium carbonate (125 mL) and chloroform 
(100 mL). The aqueous fraction was extracted with chloroform until no product was 
present in the aqueous layer. The combined organic firactions were concentrated and 
purified by chromatography using a HORIZON HPFC system (siUca cartridge, eluting 
with a CMA: chloroform gradient; 0-25% CMA over 1500 mL, followed by 25-30% 
CMA over 1000 mL). A final recrystallization from acetonitrile provided 855 mg of iV-{3- 
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[4-amino-l-(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)-^ 
7-yl]propyl}methanesxilfonamide as a white solid, mp 205-207 °C. 

NMR (500 MHz, DMSO-rftf) 8 8.17 (d, J= 8.5 Hz, IH), 7.42 (d, J= 1.7 Hz, IH), 7.09 
(dd, J= 8.5, 1.7 Hz, IH), 7.05 (t, J= 5.6 Hz, IH), 6.52 (br s, 2H), 5.1 1-4.57 (br s, 2H), 
4.88 (s, IH), 4.64 (br s, 2H), 3.30 (s, 3H), 2.99 m, 2H), 2.89 (s, 3H), 2.72 (t, J= 7.6 Hz, 
2H), 1.83 (m, 2H), 1.17 (br s, 6H); 
MS (APCI) rn/z 435 (M + H)^; 

Anal. Calcd. for C2oH29N504S*0.25H20: C, 54.59; H, 6.75; N, 15.91. Found: C, 54.47; H, 
6.73; N, 16.20. 



3-[4-Amino- 1 -(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)- li/-imidazo [4,5- 



A glass Parr vessel was charged with 10% palladium on carbon catalyst (200 mg), 
methanol (100 mL), and 3-[4-amino-l-(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)- 
l^r-imidazo[4,5-c]quinolin-7-yl]prop-2-enenitrile (925 mg, 2.63 mmol). The vessel was 
evacuated and charged with hydrogen gas (40 psi, 2.8 x 10^ Pa). The mixture was shaken 
at 50 for approximately 18 hours. The reaction mixture was cooled to ambient 
temperature and then filtered through a 0.2 micron PTFE membrane filter. The filtrate was 
concentrated under reduced pressure and purified by chromatography using a HORIZON 
HPFC system (silica cartridge, eluting with a CMA: chloroform gradient; 0-25% CMA 
over 1500 mL, followed by 25-30% CMA over 500 mL) to provide 760 mg of 3-[4- 
amino- 1 -(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)- 1 i/-imida2o[4,5 -c]quinolin-7- 
yl]propanenitrile as a white solid, mp 191-193 °C. 



^H NMR (500 MHz, DMSO-rf^) 5 8.22 (d, J= 8.5 Hz, IH), 7.52 (d, J= 1.7 Hz, IH), 7.14 
(dd, /= 8.5, 1.7 Hz, IH), 6.62 (br s, 2H), 5.11-4.57 (br s, 2H), 4.89 (s, IH), 4.65 (br s, 
2H), 3.30 (s, 3H), 2.99 (t, 7= 7.0 Hz, 2H), 2.89 (t, J= 7.0 Hz, 2H), 1.17 (br s, 6H); 



Example 110 



c]quinolin-7-yl]propanenitrile 




NH 
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^^CNMR(125MHz,DMSO-^^d)6 152.0, 150.2, 145.3, 137.0, 134.0, 125.8, 125.4, 121.4, 
121.0, 120.3, 113.8, 70.5, 66.6, 57.5, 54.7, 30.4, 27.5, 17.9; 
MS (APCI) m/z 354 (M + H)""; 

Anal. Calcd. for Ci9H23N5O2»1.0 CH3CN: C, 63.94; H, 6.64; N, 21.31. Found: C, 63.66; 
H, 6.79; N, 21.12. 

Example 111 

3-[4-Amino-2Khydroxymethyl)-l-(2-hydroxy-2-niethylpropyl)4ff^ 

c]quinolin-7-yl]-iV,//-dimethylpropanainide 




A stirring solution of 3-[4-amino-l-(2-hyd^oxy-2-methylp^opyl)-2- 
(methoxyme%l)-l//-inudazo[4,5-c]quinolin-7-yl]-iV,AfKiim (523 mg, 
1 .3 1 mmol) in dichloromethane (125 mL) was sealed with a septum and purged with 
nitrogen gas. The solution was cooled in an ice/water bath and a 1.0 M solution of boron 
tribromide in dichloromethane (6.6 mL) was added via syringe. The resulting mixture was 
stirred for 18 hours while warming to ambient temperature. Methanol (50 mL) was added 
and the mixture was concentrated under reduced pressure. The resulting solid was 
dissolved in a 2.0 M solution of ammonia in methanol (75 mL) and the solution was 
concentrated under reduced pressure to yield a solid. This step was repeated two more 
times vsrith silica gel (1 tbsp) being added prior to the final concentration. The sample 
absorbed on silica was purified by chromatography using a HORIZON HPFC system 
(silica cartridge, eluting with a CMA: chloroform gradient; 0-25% CMA over 1200 mL, 
followed by 25-40% CMA over 1300 mL) to provide 298 mg of 3-[4-Amino-2- 
(hydroxymethyl)-l-(2-hydroxy-2-methylpropyl)-l//-imidazo[4,5-c]quinolin-7-yl]-A^,^^ 

dimethylpropanamide as a white crystalline solid, mp 228-230 °C. 

NMR (300 MHz, DMSO-c/^) 5 8.15 (d, J= 8.5 Hz, IH), 7.42 (d, 7= 1.6 Hz, IH), 7.10 
(dd, J= 8.5, 1.7 Hz, IH), 6.43 (br s, 2H), 5.47 (t, J= 5.9 Hz, IH), 4.95 (s, IH), 4.86 (br s, 
2H), 4.68 (br s, 2H), 2.94 (s, 3H), 2.90 (m, 2H), 2.83 (s, 3H), 2.67 (m, 2H), 1.17 (br s, 
6H); 
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MS (ESI)Wz386(M + H/; 

Anal. Calcd. for C2oH27N503-0.5H20: C, 60.90; H, 7.16; N, 17.75. Found: C, 60.93; H, 
7.42; N, 17.85. 



1 -[4-Amino-2<hydroxymethyI)-7-(3-morpholm-4-yl-3-oxopropy0 1 iir-imidazo[4,5- 
c]qumolm- 1 -yl]-2-methylpropan-2-ol 



A stirring solution of l-[4-amino-2-(methoxymethyl)-7-(3-morpholin-4-yl-3- 
oxopropyl)-li/-imidazo[4,5-c]quinolin-l-yl]-2-methylprDpan-2-ol (460 mg, 1.04 mmol) in 
chloroform (120 mL) was sealed with a septum and purged with nitrogen gas. The 
solution was cooled in an ice water bath and a solution of 1 .0 M boron tribromide in 
dichloromethane (6.6 niL) was added via syringe. The reaction was stirred for 1 8 hours 
while warming to ambient temperature. In order to complete the reaction three additional 
portions (3 mL, 10 mL, and 10 mL) of 1.0 M boron tribromide in dichloromethane were 
added at approximately 1 8 hour intervals. Methanol (75 mL) was added. The reaction was 
concentrated to a dark purple liquid and then stirried in 10% aqueous hydrochloric acid 
(100 mL) for three days. Solid sodium carbonate was slowly added xmtil the pH equaled 
10. The solution was concentrated to a white solid. The solid was washed with methanol 
(2x 100 mL) and filtered. The filtrate was absorbed onto silica (2 tbsp) and then purified 
by chromatography using a HORIZON HPFC system (silica cartridge, eluting with a 
CMA: chloroform gradient; 0-20% CMA over 1400 mL, followed by 20-30% CMA over 
1600 mL) to provide 48 mg of l-[4-amino-2-(hydroxymethyl)-7-(3-morpholin-4-yl-3- 
oxopropyl)-l//-imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2-ol 
as a white crystalline solid, mp 223-225 *^C. 



*H NMR (500 MHz, DMSO-rf^) 5 8.15 (d, J= 8.5 Hz, IH), 7.43 (d, J= 1.3 Hz, IH), 7.10 
(dd, J= 8.5, 1.5 Hz, IH), 6.44 (br s, 2H), 5.47 (t, J = 5.8 Hz, IH). 4.96 (s, IH), 4.87 (br s. 



Example 112 




NH 
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2H), 4.68 (br s, 2H), 3.52-3.48 (m, 2H), 3.45-3.38 (m, 6H), 2.92 (t, J= 7.6 Hz, 2H), 2.69 
(t, J= 7.7 Hz, 2H), 1.17 (br s, 6H); 
MS (ESI) 428 (M + H)""; 

Anal. Calcd. for C22H29N5O4: C, 61.81; H, 6.84; N, 16.38. Found: C, 61.62; H, 6.77; N, 
16.26. 



3-[4-Aniino-l-(2-hydroxy-2-methylpropyl)-2-(niethoxyniethyl)-l^ 
c]quinolin-7-yl]propanamide 



3-[4-Amino- 1 -(2-hydroxy-2-niethylpropy l)-2-(niethoxymethyl)- 1 /y-m 
c]quinolin-7-yl]propanenitrile (430 .mg, 1.30 mmol) in methanol (75 mL) was heated to 50 
°C in an oil bath. Aqueous 10% sodium hydroxide (0.33 mmol) and 30% aqueous 
hydrogen peroxide (516 mg, 4.55 mmol) were added and the reaction was stirred for 18 
hours. The mixtxire was cooled to ambient temperature and then concentrated under 
reduced pressure. The resulting solid was slurried in water (70 mL). The aqueous mixture 
was washed with chloroform (35 mL), concentrated to a wet solid, slurried in methanol 
(100 mL) and filtered. The filtrate was absorbed onto silica (1 tbsp) and purified by 
chromatography using a HORIZON HPFC system (silica cartridge, eluting with CMA: 
chloroform gradient; 0-20% CMA over 1400 mL, followed by 20-25% CMA over 1200 
mL). The material was further purified by chromatography using a HORIZON HPFC 
system (silica cartridge, eluting with a 0-9% gradient of methanol in dichloromethane) to 
provide 102 mg of 3-[4-amino-l-(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)-l/f- 
imidazo[4,5-c]quinolin-7-yl]propanamide as a white solid, mp 228-230 ^C. 



^H NMR (500 MHz, DMSO-rf^) 5 8.15 (d, 8.4 Hz, IH), 7.43 (d, J= 1.3 Hz, IH), 7.32 
(s, IH), 7.07 (dd, 7=8.4, 1.4 Hz, IH), 6.77 (s, IH), 6.49 (brs,2H), 5.11-4.63 (brs, 2H), 
4.87 (s, IH), 4.63 (br s, 2H), 3.30 (s, 3H), 2.90 (t, J= 7.7 Hz, 2H), 2.43 (t, 7= 7.7 Hz, 2H), 
1.16 (brs, 6H); 
MS (ESI) m/z 372 (M + Hf; 



Example 113 




NH2 
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Anal. Calcd. for C19H25N5O3: C, 61.44; H, 6.78; N, 18,85. Found: C, 61.27; H, 6.64; N, 
18.74. 

Example 114 

1 -[4-Amino-7-[3-(l J -dioxidothiomorpholin-4-yl)-3-oxopropyl]-2-(^^ 

imida2o[4,5-c]quinolin- 1 -yl]-2-methylpropan-2-ol 



To a stixring solution of l-[4-aniino-7-[3-(l>l-dioxidothioniorpholm-4-yl)-3- 
oxopropyl]-2-(methoxymethyl)-l^-imidazo[4,5-c]quinolin-l-yl]-2-niethyl^^^ 
(655 mg, 1.34 mmol) in dichloromethane (125 mL), sealed with a septum and purged with 
nitrogen gas, was added a 1 .0 M solution of boron tribromide in dichloromethane (6.6 mL) 
via syringe. The resulting mixture was stirred for 1 8 hours. Methanol (50 mL) was added 
and the solution was concentrated under reduced pressure. The resulting solid was 
dissolved in a 2.0 M solution of ammonia in methanol (75 mL) and then concentrated 
under reduced pressure to a solid. This step was repeated two more times with silica gel (1 
tbsp) being added prior to the final concentration. The crude product absorbed on silica 
was purified by chromatography using a HORIZON HPFC system (silica cartridge, 
eluting with a CMA: chloroform gradient; 0-25% CMA over 1200 mL, followed by 25- 
40% CMA over 1300 mL). The recovered solid was washed with 1% aqueous sodium 
carbonate and filtered to provide 325 mg of l-[4-amino-7-[3-(l,l-dioxidothiomorpholin-4- 
y l)-3 -oxopropyl] -2-(hy droxymethyl)- 1 //-imidazo [4,5 -cjquinolin- 1 -y 1] -2-methy lpropan-2- 
ol as an off white semi-solid. 



NMR (500 MHz, DMSO-rf^) 5 8.16 (d, J= 8.5 Hz, IH), 7.45 (d, J= 1.4 Hz, IH), 7.1 1 
(dd, J= 8.5, 1.6 Hz, IH), 6.46 (br s, 2H), 5.48 (br s, IH), 4.97 (s, IH), 4.87 (br s, 2H), 4.68 
(br s, 2H), 3.91-3.82 (m, 4H), 3.13 (m, 2H), 3.07 (m, 2H), 2.93 (t, J= 7.7 Hz, 2H), 2.81 (t, 
J= 7.7 Hz, 2H), 1.17 (br s, 6H); 
MS (ESI) m/z 476 (M + H)*"; 




O O 
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Anal. Calcd. for C22H29N5O5S-0.5H2O: C, 54.23; H, 6.24; N, 14.45. Found: C, 54.17; H, 
6.14; N, 14.68. 



Example 115 



5 



N' { 3-[4-Ainino- 1 -(2-hydroxy-2-niethylpropyl)-2-(methoxymethyl)- 1 i/-imidazo[4,5 - 
c]qumolm-7-y l]propyl} acetamide 




NH 



O OH 



A solution of l-[4-amino-7-(3-aminopropyl)-2-(methoxyniethyl)-lif-iniidazo[4,5- 
c]qumolin-l-yl]-2-methylpropan-2-ol (1.25 g, 3.50 mmol) in triethylamine (2.4 mL, 17.5 
mmol) was cooled to in an ice water bath and acetic anhydride (393 mg, 3.85 mmol) 

1 0 was added. The solution was stirred for approximately 1 8 hours while warming to ambient 
temperature. The solution was concentrated under reduced pressure and the residue was 
partitioned between 1% aqueous sodium carbonate (125 mL) and chloroform (50 mL). 
Successive chloroform extractions were performed until no product was present in the 
aqueous layer. The combined organic fractions were concentrated under reduced pressiire 

15 and dissolved m methanol (100 mL). To this solution was added solid potassium carbonate 
(3 tsp) and the reaction was heated to reflux temperature for 2 hours. After cooling to 
ambient temperature, the mixture was fihered, concentrated and partitioned between water - 
(50 mL) and chloroform (50 mL). Crude product was extracted from the aqueous fraction 
through successive chloroform extractions xmtil no product remained in the aqueous layer. 

20 The combined organic extracts were concentrated and purified by chromatography using a 
HORIZON HPFC system (silica cartridge, eluting with a CMA: chloroform gradient; 0- 
30% CMA over 1500 mL, followed by 30% CMA over 1000 mL) to provide 578 mg of A^- 
{3-[4-amino-l-(2-hydroxy-2-methylpropyl)-2<methoxymethyl)-li^iniidazo[4,5- 

c]quinolin-7-yl]propyl} acetamide as a white semi-solid. 



25 *H NMR (500 MHz, DMSO-rf^) 5 8.17 (d, J= 8.5 Hz, IH), 7.86 (t, J= 5.1Hz, IH), 7.42 (d, 
y= 1.5 Hz, IH), 7.07 (dd, J= 8.4, 1.6 Hz, IH), 6.53 (br s, 2H), 5.08-4.57 (br s, 2H), 4.88 
(s, IH), 4.64 (br s, 2H), 3.30 (s, 3H), 3.08 (m, 2H), 2.68 (t, J= 7.6 Hz, 2H), 1.81 (s, 3H), 
1.77 (m, 2H),1.17(brs, 6H); 
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MS (APCI) /;z/z 400 (M + Hf; 

Anal. Calcd. for C2iH29N5O3'0.5H2O: C, 61.64; H, 7.41; N, 17.11. Found: C, 61.63; H, 
7.13; N, 17.31. 



5 N'{3- [4- Amino-2-(hydroxy methyl)- 1 -(2-hy droxy-2-methylpropyl)- 1 //-imidazo [4, 5 - 
c]quinolin-7-y IJpropy 1 } methanesulfonamide 



A solution of iV-{3-[4-amino-l-(2-hydroxy-2-methylpropyl)-2-(methoxymethyl)-- 
l/f-imidazo[4,5-c]quinolin-7-yl]propyl}niethanesulfonamide (630 mg, 1 .45 mmol) in 

1 0 dichlorometliane (1 25 mL) was sealed with a septum and purged with nitrogen gas. A 1 .0 
M solution of boron tribromide in dichloromethane (7.3 niL) was added via syringe. The 
resulting mixture was stirred for 18 hours. Methanol (50 mL) was added and the solution 
was concentrated under reduced pressure. The resulting solid was dissolved in a 2.0 M 
solution of ammonia in methanol (75 mL) and then concentrated under reduced pressure. 

15 This step was repeated two more times with silica gel (1 tbsp) being added prior to final 
concentration. The crude product absorbed on silica was purified by chromatpgraphy 
using a HORIZON HPFC system (silica cartridge, eluting with CMA: chloroform 
gradient; 0-25% CMA over 1200 mL, followed by 25-40% CMA over 1900 mL). The 
solid product was washed with water, filtered, and dried to provide 325 mg of //-{3-[4- 

20 amino-2-(hydroxymethyl)- 1 -(2-hydroxy-2"methylpropyl)- 1 //-imidazo [4,5 -c]quinolin-7- 



yl]propyl} methanesulfonamide as a white solid, mp 202-205 °C. 

NMR (500 MHz, DMSO^rf^) 5 8.1 8 (d, J= 8.5 Hz, IH), 7.42 (d, 7 = 1 .6 Hz, IH), 7.09 
(dd, J= 8.5, 1.7 Hz, IH), 7.05 (t, J= 5.4 Hz, IH), 6.57 (br s, 2H), 5.51 (br s, IH), 4.97 (s, 
IH), 4.87 (br s, 2H), 4.68 (br s, 2H), 3.00 (m, 2H), 2.89 (s, 3H), 2.72 (t, J= 7.2 Hz, 2H), 
25 1.84 (m, 2H), 1.17 (brs,6H); 
MS (APCI) /w/z 42 1 (M 4- H)""; 

Anal. Calcd. for C19H27N5O4S: C, 54.14; H, 6.46; N, 16.61. Found: C, 54.10; H, 6.30; N, 



Example 116 




NH 



16.66. 
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Example 117 

Ar-[4-Amino-2-(ethoxyme%l)-l<2-hydroxy-2-methylpro^^ 

c]quinolin-8-yl]-2-methylpropanamide 




Part A 

Phosphorous oxychloride (5.45 mL, 58.5 mmol) was added to a slurry of 6-bromo-3- 
mtroquinolin-4-ol (15 g, 55.7 mmol) in jy;iV-dimethylformamide (100 mL). The reaction 
mixture was heated to 100 °C for 10 minutes and then cooled to ambient temperature. The 
solution was poured into ice water (400 mL) and stirred for 20 minutes. The resulting 
precipitate was filtered, washed with water, and dried. The recovered solid was transferred 
to a round bottomed flask and tetrahydrofuran (100 mL) was added. A solution of 
Iriethylamme (11.6 mL, 83.5 mmol) and l-amino-2-methylpropan-2-ol (5.21 g, 58.5 
mmol) in tetrahydrofuran (20 mL) was added dropwise. The reaction was stirred for 16 
hours. The mixture was poured into water and stirred for 1 5 minutes. The resulting 
yellow solid was filtered and dried to provide 17.2 g of l-[(6-bromo-3-nitroquinolin-4' 
yl)amino]-2-methylpropan-2-ol as a yellow solid. 
Parte 

l-[(6-Bromo-3-mtroquinolin-4-yl)amino]-2-methylpropan-2-ol (17.2 g, 50.5 
mmol), toluene (1 50 mL) and isopropanol (20 mL) were added to a Parr flask containing 
5% platmum on carbon (1 .7 g) wetted with toluene. The flask was evacuated three times, 
charged with hydrogen to 30 psi, and shaken for 72 hours. The reaction mixture was 
filtered through a pad of CELITE filter agent. The CELITE was washed with several 
portions of dichloromethane followed by methanol. The filtrate was concentrated to 
provide crude l-[(3-amino-6-bromoquinolin-4-yl)amino]-2-methylpropan-2-ol as a brown 

oil. 
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Parte 

Ethoxyacetyl chloride (6.2 g, 50.5 mmol) was added dropwise to a solution of 
crude l-[(3-amino-6-bromoquinolin-4-yl)amino]-2-methylpropan-2-ol, dichloromethane 
(500 mL), and triethylamine (7 mL, 50.5 mmol). After stirring for 16 hours, water was 
added and the mixture was stirred for an additional 2 hours. The fractions were separated. 
The organic fraction was washed with water, concentrated under reduced pressure and 
redissolved m ethanol (500 mL). Water (150 mL) and potassium carbonate (10.5 g) were 
added and the mixture was heated at reflux temperature for 3 hoxirs. The ethanol was 
removed under reduced pressure. The remaining aqueous fraction was extracted with 
ethyl acetate (2 x 500 mL). The organic fractions were combined, washed with water 
followed by saturated aqueous sodium chloride, dried over anhydrous sodium sulfate, 
filtered, and concentrated under reduced pressure. Recrystallization from acetonitrile 
provided 10.4 g of l-[8-bromo-2-(ethoxymethyl)-lii-imidazo[4,5-c]quinolin-l-yl]-2- 
methylpropan-2-ol as a tan powder. 
PartD 

l-[8-Bromo-2<ethoxymethyl>ljy-imidazo[4,5-c]quinolin-l-yl]-2-methylprop^^ 
ol (0.550 g, 1.45 mmol), isobutyramide (0.150 g, 1,74 mmol), copper(I) iodide (0.055 g, 
0.290 mmol), potassium phosphate (0.647 g, 3.05 mmol), and 1,4-dioxane (1.5 mL) were 
added to a scintillation vial. 1 ,2-(±)-/ran.S"Diaminocyclohexane (0.035 mL, 0.290 mmol) 
was added. The vial was flushed with nitrogen, sealed with a Teflon-lined cap and heated 
at 1 10 °C for 72 hours. The vial was cooled to ambient temperature and the reaction was 
diluted with dichloromethane and methanol. Purification by chromatography with a 
HORIZON HPFC system (silica cartridge, eluting with a linear gradient of 1-15% CMA 
in chloroform) provided 0.38 g of iV-[2-(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)- 
l//-imidazo[4,5-c]quinolin-8-yl]-2-methylpropanamide as a dark semi-solid. 
PartE 

3-Chloroperoxybenzoic acid (60% pure, 0.283 g, 1.0 mmol) was added to a 
solution of //-[2-(ethoxymethyl)- 1 -(2-hydroxy-2-methylpropyl)- 1 //-imidazo[4,5- 
c]quinolin-8-yl]-2-methylpropanamide (0.380 g, 1.0 mmol) in chloroform (10 mL) and the 
reaction was stirred for 1 hour. The mixture was cooled in an ice bath and ammonium 
hydroxide (3 mL) was added. After 15 minutes of stirring, p-toluenesulfonyl chloride 
(0. 1 90 g, 1 .0 mmol) was added and the reaction mixture was stirred for 72 hours. The 
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jfractions were separated and the aqueous fraction was extracted with chloroform. The 
combined organic fractions were washed with brine and purified by chromatography using 
a HORIZON HPFC system (silica cartridge, eluting with a linear gradient of 2-20% CMA 
in chloroform). Recrystallization from acetonitrile provided 0.23 1 g of A^[4-amino-2- 
(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)-l//-imidazo[4,5-c]quinol^^ 

methylpropanamide as an off-white solid, mp 259-261 °C. 

^HNMll(300 MHz, DMSO-J5) 6 9.88 (s, IH), 8.86 (d,J= 1.7 Hz, IH), 7.53-7.42 (m, 
2H), 6.41 (s, 2H), 5.15-4.73 (m, 2H), 4.90 (s, IH), 4.63 (s, 2H), 3.51 (q, J= 7.0 Hz, 2H), 
2.68-2.59 (m, IH), 1.22 (br s, 6H), 1.14 (d, J = 6.9 Hz, 6H), 1.13 (t, J= 7.0 Hz, 3H); 
MS (ESI) m/z 400.17 (M + H)""; 

Anal. Calcd. for C21H29N5O3: C, 63.14; H, 7.32; N, 17.53. Found: C, 62.78; H, 7.20; N, 
17.48. 

Example 118 

N- {2-[4- Ainino-2-ethyl- 1 -(2-hydroxy-2-methylpropyl)- 1 /i-imidazo[4,5 .c]quinolin-7- 
yl]ethyl) methanesulfonamide 




Part A 

A thick walled glass tube, equipped with a stir bar, was charged with palladium (II) 
acetate (64 mg, 0.29 mmol), acetonitrile (50 mL), iV-vinylphthalimide (1.19 g, 6,89 
nrniol), triethylamine (2.4 mL, 17 mmol), tri-o-tolylphosphine (260 mg, 0.86 mmol) and 
l-(7-bromo-2-ethyl-li/-imidazo[4,5-c]quinolin-l-yl)-2-methylpropan-2-ol (2.00 g, 5.74 
mmol). The reaction mixture was purged with nitrogen and the tube was sealed and heated 
at 120 °C in an oil bath for 16 hours. The reaction was cooled to ambient temperature and 
silica gel (20 g) was added followed by concentration under reduced pressure. The sample 
absorbed on siUca was purified by chromatography using a HORIZON HPFC system 
(silica cartridge, eluting with a 0-7% gradient of methanol in dichloromethane). The 
recovered solid was washed with 1% aqueous sodium carbonate to provide 1.95 g of 2-{2- 
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[2-ethyl- 1 -(2-hydroxy-2-methylpropyl)- 1 if-imidazo [4,5 -c]quinolin-7-y l]ethenyl } - 1 //- 
isoindole-l,3(2/i)-dione as a bright yellow solid. MS (APCI) /n/z 441 (M + Hf. 
PartB 

A glass Parr vessel was charged with 10% palladium on carbon (0.4 g), methanol 
(75 mL) and 2-{2-[2--ethyl-l-(2-hydroxy-2-methylpropyl)-l//-imidazo[4,5-c]quinolin-7- 
yl]ethenyl}-l//'-isoindole-l,3(2/0-dione (1.9 g, 4.3 mmol). The vessel was evacuated and 
charged with hydrogen gas (40 psi, 2.8 x 10^ Pa). The reaction was shaken at 50 ""C for 
approximately 1 8 hours and then cooled to ambient temperature. The reaction mixture was 
filtered followed by concentration under reduced pressure to provide 1.9 g of 2-{2-[2- 
ethyl-l-(2-hydroxy-2-methylpropyl)4iy-imidazo[4,5-c]quinolin-7-yl]e&^^ 
l,3(2i/)-dione as a bright yellow solid. MS (APCI) m/z 443 (M + H)"". 
Parte 

2-{242-ethyl-l-(2-hydroxy-2-methylpropyl)-ljtf-imidazo[4,5-c]quinolin-7^ 
yl]ethyl}-l//-isoindole-l,3(2/0-dione (1.90 g, 4.29 mmol) in dichloromethane (75 mL) 
was combined with 3-chloroperoxybenzoic acid (60% pure, 1.24 g, 4.72 mmol) and the 
reaction was stirred for 18 hours. Concentrated ammonium hydroxide (40 mL) was added 
and the mixture was vigorously stirred for an additional 10 minutes. /?-Toluenesulfonyl 
chloride (900 mg, 4.72 mmol) was added and the mixture was stirred for an additional 1 
hour. The fractions were separated and the aqueous fraction was extracted with chloroform 
(3x 50 mL). The combined organic fractions were sequentially dried (MgS04), filtered, 
and concentrated under reduced pressure. Purification by chromatography using a 
HORIZON HPFC system (silica cartridge, eluting with 0-8% gradient of methanol in 
dichloromethane) provided 1.05 g of 2-{2-[4-amino-2-ethyH-(2-hydroxy-2- 
methylpropy 1)- 1 i^-imidazo [4,5 -c]quinolin-7-y Ijethy 1 } - 1 //-isoindole- 1 ,3 (2^ 

off-white foam. MS (APCI) m/z 458 (M + H)"". 
PartD: 

2-{2-[4-amino-2-ethyl-l-(2-hydroxy-2-methylpropyl)-l/f-imidazo[4,5-c]quinolin- 
7-yl]ethyl}-l/ir-isoindole-l,3(2i^)-dione (1.05 g, 2.29 nunol) was dissolved in 2:1 etiianol: 
tetrahydrofiiran (100 mL), combined with hydrazine hydrate (150 mg, 2.98 mmol) and 
heated to reflux temperature for tiiree hours. Additional hydrazine hydrate (0.25 mL) was 
added and solution was refluxed for an additional 18 hours. The reaction mixture was 
cooled to ambient temperature and filtered. The crude solid was combined with 
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triethylamine (2.1 mL, 15.3 mmol) in dichloromethane (75 mL) and the solution was 
cooled to 0 °C in an ice/water bath. Methanesulfonic anhydride (585 mg, 3.35 nunol) was 
added and solution was stirred for approximately 1 8 hours while warming to ambient 
temperature. The solution was concentrated under reduced pressure and the residue was 
5 slurried in 1% aqueous sodium carbonate (125 mL). The aqueous mixture was extracted 
with chloroform (50 mL) imtil no product was present in the aqueous fraction. The 
combined organic fractions were sequentially dried (MgS04), filtered, concentrated under 
reduced pressure, and purified by chromatography using a HORIZON HPFC system 
(silica cartridge, eluting with a CMA: chloroform gradient; 0-25% CMA over 1200 mL, 
1 0 followed by 25-30% CMA over 1 100 mL). A final recrystallization for acetonitrile 
provided 328 mg of iV-{2-[4-amino-2-ethyH'-(2-hydroxy-2-methylpropyl)-l//- 
imidazo[4,5-c]quinolin-7-yl]ethyl}methanesulfonamide as an off-white solid, mp 149-152 

NMR (500 MHz, DMSO-J5) 5 8.18 (d, J = 8.5 Hz, IH), 7.45 (d, J= 1.6 Hz, IH), 7.10 
15 (m, IH), 7.09 (dd, J= 8.5, 1.7 Hz, IH), 6.37 (br s, 2H), 4.77 (s, IH), 4.52 (br s, 2H), 3.26 
(m, 2H), 3.04 (q, J= 7.4 Hz, 2H), 2.87 (t, J= 7.4 Hz, 2H), 2.82 (s, 3H), 1.34 (t, 7= 7.5 Hz, 
3H), 1.16(br s,6H); 
MS (APCI) m/z 406 (M + H)^; 

Anal. Calcd. for C19H27N5O3S: C, 56.28; H, 6.71; N, 17.27. Found: C, 56.00; H, 6.87; N, 
20 17.44. 

Example 119 

l-{3-[4-Ajnino-8-(2-aminoethyl)-2-(2-methoxyethyl)-l//-imidazo[4,5-c]quinolin-l-yy 

propyl}pyrrolidin-2-one 




25 Part A 

A thick walled glass tube, equipped with a sthr bar, was charged with palladium (II) 
acetate (17 mg, 0.08 mmol), acetonitrile (50 mL), A^-vinylphthalimide (716 mg, 4.13 
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nunol), triethylamiae (1.6 mL, 11 mmol), tri-o-tolylphosphine (69 mg, 0.22 nimol) and 1- 
{3-[8-bromo-2-(2-methoxyethyl)4//-imidazo[4,5-c]qidnolin-^ 
(1 ,62 g, 3.76 mmol). The reaction mixture was purged with nitrogen and the tube was 
sealed and heated at 120 in an oil bath for 15 hours. The reaction was cooled to ambient 
temperature and methanol (50 mL) and chloroform (50 ml) were added. After filtering 
through a 0.2 micron PTFE membrane, the solution was concentrated under reduced 
pressure and then purified by chromatography using a HORIZON HPFC system (silica 
cartridge, eluting with a 0-8% gradient of methanol in dichloromethane) to provide 2.0 g 
of 2-(2- {2-(2-methoxyethyl)- 1 -[3 -(2-oxopyrrolidin- 1 -y Opropyl] - 1 i/-mudazo[4,5- 
clquinolin-8-yl}ethenyl)-liy-isoindole-l,3(2/f)-dione as a bright yellow solid. 
MS (APCI) m/z 524 (M + H)*". 
PartB 

A glass Parr vessel was charged with 10% palladium on carbon (0.2 g), methanol 
(75 mL) and 2-(2-{2-(2-methoxyethyl)-l-[3-(2-oxopyrrolidin-l-yl)propyl]-l/f- 
imidazo[4,5-c]quinolm-8-yl}ethenyl)-l/f-isoindole-l,3(2ii)-dion^ (2.0 g, 3.8 mmol). The 
vessel was evacuated and charged with hydrogen gas (40 psi, 2.8 x 10^ Pa). The reaction 
was shaken at 50 °C for approxunately 18 hours. After cooling to ambient temperature, the 
reaction mixture was filtered followed by concentration under reduced pressure to provide 
2. 1 g of 2-(2- {2-(2-methoxyethyl)- 1 .[3-(2K)xo-pyrrolidin- 1 -yl)propyl]- 1 /f-unidazo[4,5- 
c]quinoHn-8-yl}ethyl)-lf^-isoindole-l,3(2i^)-dione as a pale yellow solid. MS (ESI) m/z 

526 (M + H)"". 
Parte 

2<2-{2-(2-Methoxyethyl)4-[3-(2-oxo-pyrrolidin-l-yl)propyl]-l//-imidazo[4,5- 
c]quinolin-8-yl}ethyl)-l//-isoindole-l,3(2/i)-dione (2.1 g, 3.8 mmol) m dichloromethane 
(75 mL) was combined with 3-chloroperoxybenzoic acid (60% pure, 2.0 g, 7.5 mmol) and 
the reaction was stirred for 1 8 hours. Concentrated ammonium hydroxide (40 mL) was 
added and the mixture was vigorously stirred for an additional 10 minutes, p- 
Toluenesulfonyl chloride (791 mg, 4.12 mmol) was added and the mixture was stirred for 
an additional 1 hour. The firactions were separated and aqueous fraction was extracted with 
chloroform (lOx 35 mL). The combined organic firactions were sequentially dried 
(MgS04), filtered, and concentrated to provide 2.2 g of 2-(2-{4-amino-2-(2- 
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methoxyethyl)- 1 -[3-(2-oxopyirolidin- 1 -yl) propyl]- liZ-imidazo [4,5 -c]quinolm-8- 
yl}ethyl)-l/f-isoinclole-l,3(2/f)clione as an off-white foam. MS (APCI) iij/z 541 (M + H)"". 
PartD 

2-(2- {4-Amino-2-(2-methoxy ethyl)- 1 -[3-(2-oxopyrrolidin- 1 -yl) propyl] - 1 
imidazo[4,5-c]quinoliri-8-yl}ethyl)-l/f-isoindole-l,3(2ii)d^ (2.2 g, 4.1 mmol) was 
dissolved in 2:1 ethanol: tetrahydrofuran (40 mL), combmed with hydrazine hydrate (410 
mg, 8.2 mmol) and heated at reflux temperature for three hours. Additional hydrazine 
hydrate (0.25 mL) was added and the solution was refluxed for an additional 1 .5 hours. 
The reaction was cooled to ambient temperature, filtered and the filtrate concentrated 
under reduce pressure. Purification by chromatography using a HORIZON HPFC system 
(silica cartridge, eluting with a 0-40% CMA: chloroform gradient over 3.8 L) provided 
650 mg of l-{3-[4-amino-8-(2-aminoethyl)-2-(2-methoxyethyl)-l/f-imidazo[4,5- 
c]quinolin-l-yl] propyl }pyrrolidin-2-one as an off-white solid. MS (ESI) /n/z 41 1 (M + 
H)^. 

Example 120 

2-Ethyl-7-[2-(methylsulfonyl)ethyl])-l-(tetrahydro-2i/-pyran-4-ylmethyl)-l//^ 
imidazo[4,5-c]quinolin-4-amine 




Part A 

A thick walled glass tube, equipped with a stir bar, was charged with palladium (II) 
acetate (7 mg, 0.03 mmol), acetonitrile (15 mL), iV,A^-dhnethylformamide (15 mL), methyl 
vinyl sulfone (150 mg, 1.41 mmol), triethylamine (0.53 mL, 3.8 nmiol), tri-o- 
tolylphosphine (23 mg, 0.08 mmol) and 7-bromo-2-ethyM-(tetrahydro-2/f-pyran-4- 
ylmethyl)-l/f-imidazo[4,5-c]quinolin-4-amine (500 g, 1.28 mmol). The reaction mixture 
was purged with nitrogen and the tube was sealed and heated at 120 ""C in an oil bath for 
16 hours. The reaction mixture was cooled to ambient temperature and then concentrated 
under reduced pressure. The resulting solid was partitioned between chloroform (100 mL) 
and 1% aqueous sodium carbonate (100 mL). The fi-actions were separated and the 
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aqueous ftaction was extracted with chloroform (2x 50 mL). The combined organic 
fractions were sequentially dried (MgS04), filtered, and purified by chromatography using 
a HORIZON HPFC system (siUca cartridge, eluting with a CMA: chloroform gradient, 0- 
15% CMA over 1200 mL followed by 15-20% CMA over 1 100 mL). Recrystallization 

5 from methanol provided 3 15 mg of 2-ethyl-7-[2-(methylsulfonyl)ethenyl]-l-(tetiahydro- 
2/f-pyran-4-ylmethyl)-liy-imidazo[4,5-c]quinolin-4-amine as a pale yellow solid. 
'H NMR (500 MHz, DMSO-t/tf) 5 8.08 (d, J= 8.6 Hz, IH), 7.89 (d, 7= 1.8 Hz, IH), 7.62- 
7.53 (m, 3H), 6.65 (br s, 2H), 4.46 (d, J= 7.1 Hz, 2H), 3.82 (m, 2H), 3.15-3.12 (m, 2H), 
3.12 (m, 3H), 2.96 (q, J= 7 A Hz, 2H), 2.07 (m, IH), 1.51-1.40 (m, 4H), 1.38 (t, J= 7.4 

10 Hz, 3H); 

MS (ESI) /w/z 4 1 5 (M + Hf. 
PartB 

A glass Parr vessel was charged with 10% palladium on carbon (0.2 g), methanol 
(25 mL), ethanol (25 mL) and 2-ethyl-7-[2-(methylsulfonyl)ethenyl]-l-(tetrahydro-2//- 

15 pyran-4-ylmethyl)-li/-unidazo[4,5-c]quinolin-4-amine (315 mg, 0.76 mmol). The vessel 
was evacuated and charged with hydrogen gas (40' psi, 2.8 x 10^ Pa). The reaction was 
shaken at 50 °C for approximately 1 8 hours and then cooled to ambient temperature. The 
reaction mixture was sequentially filtered, concentrated under reduced pressure, and 
purified by chromatography using a HORIZON HPFC system (silica cartridge, eluting 

20 with CMA: chloroform gradient, 0-10% CMA over 1 000 mL followed by 1 0-25% CMA 
over 1000 mL). A final recrystallization from acetonitrile provided 125 mg of 2-ethyl-7- 
[2-(methylsulfonyl)ethyl])- 1 -(tetrahydro-2//-pyran-4-yhnethyl)- 1 //-imidazo[4,5 - 
c]quinolin-4-amine as a white crystalline sohd, mp 246.5-249.0 °C. 
'H NMR (500 MHz, DMSO-rftf) 8 7.97 (d, 7 = 8.5 Hz. IH), 7.52 (d, /= 1.7 Hz, IH), 7.21 

25 (dd, y = 8.4, 1 .8 Hz, IH), 6.48 (br s, 2H), 4.42 (d, 7= 7.0 Hz, 2H), 3.83-3.80 (m, 2H), 

3.53-3.50 (m, 2H), 3.17-3.11 (m, 4H), 3.02 (s, 3H), 2.94 (q, J= 7.4 Hz, 2H), 2.07 (m, IH), 
1.51-1.40 (m, 4H), 1.37 (t,7= 7.4 Hz. 3H); 

"C NMR (125 MHz, DMSO-f/tf) 5 154.2, 151.7, 144.9, 136.1, 132.3, 126.2, 125.6, 121.7. 
120.2, 113.3, 66.4, 54.3, 49.6. 40.1, 35.6, 29.5, 27.6. 20.0, 11.9; 
30 MS (ESI) wj/z 4 1 7 (M + H)*; 

Anal. Calcd. for C2iH2gN403S: C, 60.55; H, 6.78; N, 13.45. Found: C, 60.63; H, 6.70; N, 

13.76. 
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Example 121 

3-[4-Amino-2"ethyl-l-(tetrahydro-2//-pyran-4-ylm^ 
yl]propanenitrile 




Part A 

A thick walled glass tube, eqmpped with a stir bar, was charged with palladium (II) 
acetate (225 mg, 1.00 mmol), acetonitrile (15 mL), iV,//-dimethylformamide (15 mL), . 
acrylonitrile (1.20 g, 22.6 mmol), triethylamine (8.6 mL, 62 mmol), tri-o-tolylphosphine 
(935 mg, 3.10 mmol) and 7-bromo-2-ethyl-l-(tetrahydro-2/f-pyran-4-ylmethyl)-li/- 
imidazo[4,5-c]quinolin-4-amine (8.00 g, 20.5 mmol). The reaction mixture was purged 
with nitrogen and the tube was sealed and heated at 120 °C for approximately 18 hours. 
The reaction was cooled to ambient temperature and methanol (100 mL) was added. The 
reaction was filtered and the filtrate' concentrated under reduced pressure. The resulting 
solid was washed with 1% aqueous sodium carbonate (100 mL) followed by washing with 
water (2x 100 mL). Purification by chromatography using a HORIZON HPFC system 
(silica cartridge, eluting with a CMA: chloroform gradient, 0-15% CMA over 1500 mL 
followed by 15-25% CMA over 2.4 L) provided 5.2 g of a mixture of cis and trans 
isomers of 3-[4-amino-2-ethyl-l-(tetrahydro-2i/-pyran-4-ybnethyl)-17/-imidazo[4,5- 
c]quinolin-7-yl]prop-2-enenitrile as a yellow solid. MS (APCI) m/z 362 (M + Hf, 
Parts 

A glass Parr vessel was charged with 10% palladium on carbon (0.05 g), methanol 
(20 mL), and 3-[4-amino-2-ethyl-l-(tetrahydro-2/f-pyran-4-ylmethyl)-l/f-imidazo[4,5- 
c]quinolin-7-yl]prop-2-enenitrile (100 mg, 0.27 mmol). The vessel was evacuated and 
charged with hydrogen gas (40 psi, 2.8 x 10^ Pa). The reaction was shaken at 50 °C for 
approximately 18 hours and then cooled to ambient temperature. The reaction mixture was 
sequentially filtered, concentrated under reduced pressure, and purified by 
chromatography using a HORIZON HPFC system (silica cartridge, eluting with a CMA: 
chloroform gradient, 0-30% CMA). A final recrystallization fi-om acetonitrile provided 71 
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mg of 3-[4-amino-2-ethyl-l-(tetrahydro-2//-pyran-4-ylmethyl)4i/-imid 
c]quinolin-7-yl]propanenitrile as a white solid, mp IIZ-IIS °C. 



NMR (500 MHz, DMSO-rfd) 6 7.97 (d, 7= 8.4 Hz, IH), 7.53 (d, J- 1 .7 Hz, IH), 7.20 
(dd, y = 8.4, 1.8 Hz, IH), 6.45 (br s, 2H), 4.42 (d, J= 7.2 Hz, 2H), 3.82 (m, 2H), 3.15 (m, 
2H), 3.00-2.88 (m, 6H), 2.08 (m, IH), 1.51-1.40 (m, 4H), 1.37 (t, J= 7.4 Hz, 3H); 

NMR (125 MHz, DMSO-rf^) 5 154.2, 151.7, 144.8, 136.6, 132.3, 126.2, 125.5, 121.6, 
120.3, 120.1, 113.4, 66.4, 49.6, 35.6, 30.4, 29.5, 20.0, 17.9, 11.9; 
MS (ESI) ni/z 364 (M + H)""; 

Anal. Calcd. for C21H25N5O: C, 69.40; H, 6.93; N, 19.27. Found: C, 69.16; H, 6.87; N, 



Example 122 

3.[4-Amino-2-ethyl-l-(tetrahydro-2//-pyran-4-ylniethyl)-l//-iniidaz 

yl]propanamide 



3-[4-Aniino-2-ethyl-l-(tetrahydro-2/f-pyran-4-ylnie11iyl)-iy/-inaid 
c]quinolin-7-yl]propanemtrile (590 mg, 1.6 mmol), 10% aqueous sodium hydroxide (132 
mg, 0.33 mmol), and 30% aqueous hydrogen peroxide (516 mg, 4.55 nmiol) were 
combined in methanol (75 mL) and the reaction was heated at 50 ""C for 1 8 hours. The 
mixture was concentrated under reduced pressure and then partitioned between chloroform 
(75 mL) and water (75 mL). The fractions were separated and the aqueous fraction was 
extracted with chloroform (3x25 mL). The combined organic fractions were sequentially 
dried (MgSOn), filtered, concentrated to dryness and purified by chromatography using a 
HORIZON HPFC system (silica cartridge, eluting with 2 L of 10% methanol in 
dichloromethane). A final recrystallization from acetonitrile provided 35 mg of 3-[4- 
amino-2-ethyl-l<tetrahydro-2//-pyran-4-ylmethyl)4i/-imidazo[4,5-c]quinoU^^ 

yl]propanamide as an off-white solid, mp 197-199 ""C. 

^H NMR (500 MHz, DMSO-c^^) 8 7.92 (d, J= 8.4 Hz, IH), 7.44 (d, J= 1 A Hz, IH), 7.32 
(s, IH), 7.13 (dd, J= 8.4, 1.7 Hz, IH), 6.77 (s, IH), 6.39 (br s, 2H), 4.40 (d, 7 = 7.0 Hz, 



19.25. 




NH 



o 
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2H), 3.82 (m, 2H), 3.15 (ra, 2H), 2.95-2.90 (m, 4H), 2.44 (t, J= 7.6 Hz, 2H), 2.08 (m, IH), 
1.51-1.40 (m, 4H), 1.37 (t, J= 7.4 Hz, 3H); 

*^CNMR(125 MHz, DMS0-rfd)8 173.3, 154.1, 151.5, 144.8, 139.4, 132.5, 125.9, 125.0, 
121.9, 119.8, 112.8, 66.4, 49.6, 36.3, 35.6, 30.6, 29.5, 20.0, 11.9; 
MS (ESI)7n/z382(M + H)^; 

Anal. Calcd. for C2iH27N5O2*0.30H2O: C, 65.20; H, 7,19; N, 18.10. Found: C, 65,19; H, 
7.14; N, 18.24. 

Example 123 

7-(3-Aminopropyl)-2-ethyl- 1 -(tetrahydro-2J^-pyran-4-ylraethy 
c]quinolin-4-amine 




A glass Parr vessel was charged with 10% palladium on carbon (1 g), methanol (50 
mL), 3-[4-amino-2-ethyl-l-(tetrahydro-2i/-pyran-4-ylmethyl)-l/f-iniidazo[4, 
7-yl]prop-2-enenitrile (4.0 g, 1 1.1 mmol) and trifluoroacetic acid (6.3 g, 55 mmol). The 
vessel was evacuated, charged with hydrogen gas (40 psi, 2.8 x 10^ Pa) and shaken for 
approximately 1 8 hours. The mixture was filtered and concentrated under reduced 
pressure to a yellow oil. The oil was dissolved in 10% aqueous hydrochloric acid and 
stirred for 18 hours. Chloroform (100 mL) was added followed by slow addition of 
potassium carbonate until the pH equaled 1 1 . The j&actions were separated and the 
aqueous fraction was extracted with chloroform (4x 50 mL). The combined organic 
fractions were sequentially dried (MgS04), filtered, and concentrated under reduced 
pressure. Recrystallization from acetonitrile provided 3.55 g of the desired product as a 
white soUd. A small amount of this material was fiarther purified by chromatography using 
a HORIZON HPFC system (silica cartridge, eluting with a CMA: chloroform gradient, 0- 
30% CMA over 1000 mL followed by 30% CMA over 1000 mL). A final recrystallization 
from acetonitrile provided 7-(3-anunopropyl)-2-ethyl-l-(tetrahydro-2i/-pyran-4- 
ylmethyl)-li/-imidazo[4,5-c]quinolin-4-amine as a white solid, mp 217-220 °C. 
^HNMR (500 MHz, DMSO-rf^) 5 7.92 (d, 7= 8.4 Hz, IH), 7.42 (d, J= 1.5 Hz, IH), 7.12 
(dd, y= 8.4, 1.7 Hz, IH), 6.38 (br s, 2H), 4.40 (d, J= 7.0 Hz, 2H), 3.82 (m, 2H), 3.16 (m. 
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2H), 2.93 (q, J= 7.4 Hz, 2H), 2.70 (t, 7= 7.6 Hz, 2H), 2.59 (t, J= 6.8 Hz, 2H), 2.09 (m, 
IH), 1.71 (m, 2H), 1.51-1.36 (m,6H), 1.37(t,/=7.4Hz,3H); 

^^C NMR (125 MHz, DMSO-de) 8 154.0, 15L5, 144.9, 140.2, 132.5, 125.9, 125.2, 122.0, 
1 19.8, 1 12.7, 66.4, 49.6, 41.2, 35.6, 34.9, 32.4, 29.5, 20.0, 1 1.9; 
MS (ESI) fn/z 368 (M + Hf; 

Anal. Calcd. for C2iH29N5O*0.25H2O: C, 67.81; H, 7.99; N, 18.83. Found: C, 68.00; H, 
8.03; N, 18.75. 

Example 124 

N'{3' [4- Ammo-2-ethy 1- 1 -(tetrahydro-2if-pyran-4-ylmethy 1)- 1 /Wmidazo [4,5-c]quinolin- 

7-y l]propy 1 } methanesulf onamide 



7-(3-Aminopropyl)-2-ethyl- 1 -(tetrahydro-2i/-pyran-4-ylmethyl)- 1 ii/-imidazo[4,5- 
c]quinolin-4-amine (500 mg, 1.4 mmol), triethylamine (410 mg, 4.1 mmol), and 
methanesulfonic anhydride (260 mg, 1.5 mmol) were combined in dichloromethane (50 
mL) at 0 °C and the reaction was stirred for approximately 1 8 hours. Aqueous sodium 
carbonate (1%, 50 mL) was added and the reaction mixture was stirred for one additional 
hour. The fractions were separated and the aqueous fraction was extracted with chloroform 
(3x 20 mL). The combined organic fractions were sequentially dried (MgS04), filtered and 
purified by chromatography using a HORIZON HPFC system (siHca cartridge, eluting 
with a CMA: chloroform gradient, 0-20% CMA over 1500 mL followed by 20% CM A 
over 500 mL), A final recrystallization from acetonitrile provided 165 mg of A^-{3-[4- 
amino-2-ethyl-l-(tetrahydro-2/^pyran-4-ylmethyl)-lJy-imidazo[4,5-c]quinolin-7- 
yl]propyl}methanesulfonamide as a white solid, mp 168-170 °C. 



^H NMR (500 MHz, DMSO-^^) 8 7.93 (d, J= 8.4 Hz, IH), 7.44 (d, J= 1 .6 Hz, IH), 7.14 
(dd, J= 8.4, 1.7 Hz, IH), 7.05 (t, J= 5.5 Hz, IH), 6.40 (br s, 2H), 4.40 (d, J= 7.0 Hz, 2H), 
3.82 (m, 2H), 3.16 (m, 2H), 3.00 (m, 2H), 2.93 (q, J= 7.4 Hz, 2H), 2.89 (s, 3H), 2.73 (t, J 
= 7.6 Hz, 2H), 2.09 (m, IH), 1.85 (m, 2H), 1.51-1.40 (m, 4H), 1.37 (t, J= 7.4 Hz, 3H); 
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'^CNMR(125 MHz, DMSO-rf^) 6 154.0, 151.6, 144.9, 139.4, 132.4, 126.0, 125.3, 121.9, 
1 19.9, 1 12.8, 66.4, 49.6, 42.0, 39.1, 35.6, 32.1, 31.0, 29.5, 20.0, 11.9; 
MS (ESI) ni/z 446 (M + Hf; 

Anal Calcd. for C22H31N5O3S: C, 59.30; H, 7.01; N, 15.72. Found: C, 59.22; H, 7.29; N, 
15.68. 

Example 125 

Ar-{3-[4-amino-2-ethyl-l<tetrahydro-2H-pyran-4-ylm^ 



c]quinolin-7-yl]propyl} acetamide 

NHo 




o 



7-(3-Aminopropyl)-2-ethyl4 -(tetrahydro-2/?-pyran-4-ylmethyl)- 1^ 
c]quinolin-4-amine (500 mg, 1.4 mmol), triethylamine (410 mg, 4.1 nunol), and acetic 
anhydride (153 mg, 1.5 mmol) were combined in dichloromethane (50 mL) at 0 ""C and the 
reaction was stirred for approximately 18 hours. Aqueous sodium carbonate (1%, 50 mL) 
was added and the reaction mixture was stirred for one additional hour. The fractions were 
separated and the aqueous fraction was extracted with chloroform (3x 20 mL). The 
combined organic firactions were sequentially dried (MgS04), filtered and purified by 
chromatography using a HORIZON HPFC system (silica cartridge, eluting with a CMA: 
chloroform gradient, 0-15% CMA over 2000 mL followed by 15-20% CMA over 500 
mL). The desired product was further purified by chromatography using a HORIZON 
HPFC system (silica cartridge, eluting with a 0-8% gradient of methanol in 
dichloromethane). A final recrystallization from acetonitrile provided 142 mg of iV-{3-[4- 
amino-2-ethyl- 1 -(tetrahydro-2iy-pyran-4-ylmethyl)- 1 //-imidazo[4,5 -c]quinolin-7- 
yl]propyl} acetamide as a white solid, mp 209-21 1 °C. 

^H NMR (500 MHz, DMSO-rf^) 6 7.92 (d, 7= 8.4 Hz, IH), 7.87 (t, J= 5.1 Hz, IH), 7.44 
(d, J= 1.5 Hz, IH), 7.13 (dd, y = 8.4, 1.7 Hz, IH), 6.39 (br s, 2H), 4.40 (d, J= 7.0 Hz, 
2H), 3.82 (m, 2H), 3.16 (m, 2H), 3.09 (m, 2H), 2.93 (q, J= 7.4 Hz, 2H), 2.69 (t, J= 7.6 
Hz, 2H), 2.09 (m, IH), 1.81 (s, 3H), 1.77 (m, 2H), 1.51-1.40 (m, 4H), 1.37 (t, J= 7.4 Hz, 
3H); 
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^^CNMR (125 MHz, DMSO-rf^j) 5 168.8, 154.0, 151.5, 144.9, 139.6, 132.4, 125.9, 125.3, 
121.9, 119.8, 112.8, 66.4, 49.6,38.1,35.6, 32.4, 30.6,29.5,22.5, 20.0, 11.9; 
MS (ESI) m/z 410 (M + H)''; 

Anal. Calcd. for C23H31N5O2: C, 67.46; H, 7.63; N, 17.10. Found: C, 67.18; H, 7.37; N, 
17.14. 

Example 126 

jV-{3-[4-amino-2-^thyl-l<tetrahydro-2i/-pyran-4-ylm^ 

yl]propyl} -AT-isopropylurea 

NH 




1 0 7-(3- Aminopropyl>2-ethyl- 1 -(tetrahydro-2if-pyran-4-ylniethyl)-- li/-imidazo[4,5- 

clquinolin-4-amine (500 mg, 1.4 mmol), triethylamine (410 mg, 4.1 mmol), and isopropyl 
isocyante (128 mg, 1 .5 mmol) were combined in dichloromethane (50 mL) at 0 °C and the 
reaction was stirred for approximately 18 hours. Aqueous sodiimi carbonate (1%, 50 mL) 
was added and the reaction mixture was stirred for one additional hour. The fractions were 

15 separated and the aqueous fraction was extracted with chloroform (3x 20 mL). The 

combined organic fractions were sequentially dried (MgS04), filtered and purified by 
chromatography using a HORIZON HPFC system (silica cartridge, eluting with a CMA: 
chloroform gradient, 0-20% CMA over 2000 mL). The desired product was fiirther 
purified by chromatography using a HORIZON HPFC system (sihca cartridge, eluting 

20 with 10% methanol in dichloromethane over 1500 mL). A final purification by 
recrystallization from acetonitrile provided 142 mg of iV-{3-[4-aniino-2-ethyM- 
(tetrahydro-2//-pyran-4-ylmethyI)-l//-imidazo[4,5-c]quinolin--7-yl]propyl}-N*- 
isopropylurea as a white solid, mp 213-216 °C. 

^H NMR (500 MHz, DMSO-t/^j) 5 7.93 (d, J= 8.4 Hz, IH), 7.43 (d, 1.6 Hz, IH), 7.13 
25 (dd, J= 8.4, 1.7 Hz, IH), 6.40 (br s, 2H), 5.76 (t, J = 5.6 Hz, IH), 5.61 (d, J= 1.1 Hz, IH), 
4.40 (d, y= 7.0 Hz, 2H), 3.82 (m, 2H), 3.65 (m, IH), 3.16 (m, 2H), 3.02 (m, 2H), 2.93 (q, 
y= 7,4 Hz, 2H), 2.67 (t, 7- 7.6 Hz, 2H), 2.09 (m, IH), 1.73 (m, 2H), 1.51-1.40 (m, 4H), 
1.37 (t, y = 7.4 Hz, 3H), 1 .02 (d, J= 6.5 Hz, 6H); 



142 



wo 2006/091394 PCT/US2006/004713 



*^CNMR(125MHz,DMSO-t/5)5 157.3, 154.1, 151.5, 144.7, 139.7, 132.5, 125.9, 125.1, 
122.0, 119.9, 112.7, 66.4, 49.6, 40.7,38.7, 35.6, 32.4,31.5, 29.5,23.1,20.0, 11.9; 
MS (ESI) in/z 453 (M + H)"*"; 

Anal. Calcd. for C25H36N6O2-0.33H2O: C, 65.41; H, 8.06; N, 18.31. Found: C, 65.41; H, 
5 8.26; N, 18.30. 

Example 127 

1 -Isobutyl-8- { [(3 -metiioxybenzyl)ainino]inethyl} -l//-imidazo[4,5 -c]quinolin-4-amine 




10 Part A 

A solution of 14sobutyl-8-vinyl-lif-imidazo[4,5-c]quinolin-4-aniine (500 mg, 1.9 
mmol) in dichloromethane (30 mL) and methanol (5 mL) was cooled to -78 ""C. Ozone 
was bubbled through the solution for 10 minutes. While still cold, the reaction was purged 
with oxygen for 15 minutes and dimethyl sulfide (0.7 mL, 9.4 mmol) was added. The 

1 5 reaction was warmed to ambient temperature and then concentrated under reduced 

pressure. The residue was dissolved in dichloromethane (50 mL) and washed with 1% 
aqueous sodium carbonate (2x 1 5 mL). The combined aqueous fractions were extracted 
with chloroform (3x 20mL) and sequentially dried (MgS04), filtered, and purified by 
chromatography using a HORIZON HPFC system (silica cartridge, eluting with a gradient 

20 of 0-6% methanol in dichloromethane) to provide 23 7 mg of 4-amino- 1 -isobuty 1- 1 J^- 
imidazo[4,5-c]quinoline-8-carbaldehyde as an off-white solid. MS (ESI) m/z 269 (M + 

PartB 

4--Amino-l-isobutyl-l//-imida2o[4,5-c]quinoline-8-carbaldehyde (237 mg, 0.66 
25 mmol) and 3-methoxybenzylamine (100 mg, 1.3 mmol) were combined in methanol (25 
mL) and dichloromethane (1 mL). The solution was purged with nitrogen gas and a IM 
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solution of sodium cyanoborohydride in THF (2 mL) was added. The reaction was stirred 
for 30 minutes. Additional sodiimi cyanoborohydride in THF (IM, 1 mL) was added and 
the reaction was stirred for an additional 15 minutes. Aqueous sodium carbonate (1%, 0.25 
mL) was added and the reaction was stirred for 7 days. The solvent was removed under 
reduced pressure and approximately equal portions of chloroform and water were added. 
The fractions were separated and the organic fraction was sequentially dried (MgS04), 
filtered, and purified by chromatography using a HORIZON HPFC system (silica 
cartridge, eluting with a CMA: chloroform gradient, 0-20% CMA). RecrystaUization from 
acetonitrile provided 25 mg of l-isobutyl-8-{[(3-methoxyben2yl)amino]methyl}-l//- 
imidazo[4,5-c]quinolin-4-amine as an off-white solid, mp 125-126 °C. 



^H NMR (500 MHz, DMSO-rf^) 6 8.15 (s, IH), 7.92 (d, J= 1.2 Hz, IH), 7.57 (d, J= 8.5 
Hz, IH), 7.41 (dd, J= 8.5, 1.7 Hz, IH), 7.22 (t, J= 7.4 Hz, IH), 6.95-6.92 (m, 2H), 6.79 
(m, IH), 6.46 (br s, 2H), 4.37 (d, / = 7.3 Hz, 2H), 3.82 (s, 2H), 3.73 (s, 3H), 3.71 (s, 2H), 
2.69 (br s, IH), 2.18 (septet, J= 6.8 Hz, IH), 0.90 (d, 7= 6.6 Hz, 6H); 
MS (ESI) n^z 390 (M + H)^; 

Anal. Calcd, for C23H27N5O: C, 70.93; H, 6.99; N, 17.98. Found: C, 70.64; H, 6.92; N, 



(2£)-3-[4-Amino-2-ethyH-(tetrahydro-2/f-pyran-4-ylmethyl)-l//-imidazo[4,5-c] 



A thick walled glass vessel, equipped with a stir bar, was charged with a warmed 
solution of 7-bromo-2-ethyl-l -(tetrahydro-2//-pyran-4-ylmethyl)-li/-imidazo[4,5- 
c]quinolin-4-amine (0.58 g, 1.5 nmiol) in ^,iV-dimethylformamide (10 mL). To the 
solution was added in succession, a solution of palladixmi acetate (37 mg, 0.15 mmol) and 
tri-or/Ao-tolylphosphine (91 mg, 0.3 mmol) in ^,iV^dimethylformamide (5 mL), 
triethylamine (3.0 eq. 0.6 mL), and a solution of iV,iV-dimethylacrylamide (178 mg, 1 .8 
mmol) in iV[^-dimethylformamide (2 mL). The reaction mixture was purged with 



18.01. 



Example 128 



quinolin-7-y 1] -iV,iV-dimethy lprop-2-enamide 




NH2 
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nitrogen. The vessel was sealed and heated at 120 ""C for 18 hours. The reaction was 
cooled to ambient temperature and then concentrated to dryness under reduced pressure. 
The resulting solid was dissolved in dichloromethane (100 mL) and washed with saturated 
aqueous potassium carbonate (50 mL). The jfractions were separated and the organic 
fraction was concentrated to dryness. The resulting off-white solid was purified by 
chromatography using a HORIZON HPFC system, (silica cartridge, 0-15% 
CMA/chloroform). A final recrystallization from acetonitrile provided 390 mg of (2£^-3- 
[4-amino-2-ethyl-l-(tetrahydro-2//-pyran-4-ylmethyl)4//-imidazo[^ 

/^,iV-dimethylprop-2-enamide as an off-white crystalline solid, mp >260 °C. 
^HNMR(500MHz,CDCl3)5 8.01 (d, J=8.5 Hz, IH), 7.81 (d, J= 1.6 Hz, IH), 7.68 
(dd, 7= 8.5, 1.9 Hz, IH), 7.56 (d, J= 15.1 Hz, IH), 7.27 (d, /= 15.4 Hz, IH) 6.52 (s, 2H), 
4.47^.41 (m, 2H), 3.85-3.79 (m, 2H), 3.21-3.13 (m, 5H), 2.98-2.92 (m, 5H) 2.09 (s, IH), 
1.51-1.35 (m, 4H), 1.38 (t, J- 7.6 Hz, 3H); 
MS (APCI) ni/z 408 (M + Hf ; 

Anal. Calcd. for C23H29N5O2: C, 67.79; H, 7.17; K 17.19. Found: C, 67.55; H, 7.10; N, 
17.05. 

Example 129 

3-[4- Amino-2-ethy 1- 1 -(tetrahydro-2i/-pyran-4-ylmethyl)- 1 iZ-imidazo [4,5 -c] 

quinolin-7-yl]-iV,iV-dimethylpropanamide 




A glass Parr bottle was charged with 10% palladium on carbon (0.1 g) wetted with 
ethanol (10 mL) and a slurry of (2£)-3-[4-amino-2-ethyl-l-(tetrahydro-2/f-pyran-4- 
ylmethyl)-l//-imidazo[4,5-c]quinolin-7-yl]-A^,A^-dimethylprop-2-enamide (0.32 g, 0.78 
mmol) in methanol (200 mL). The vessel was placed on Parr apparatus, evacuated and 
charged with hydrogen (55 psi). The mixture was shaken at ambient temperature for 48 
hours. The reaction mixture was filtered through a 0.2 micron PTFE membrane filter and 
the filter was rinsed with methanol (100 mL). The filtrate was concentrated to dryness 
under reduced pressure. The resulting solid was recrystallized from acetonitrile to provide 
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220 mg of 3-[4-amino-2-ethyl-l-(tetrahydro-2i/-pyran-4-ylmethyl)4iy-^^ 
c]quinolin-7-yl]-JV^-dimethylpropanainide as a white crystalline solid, mp 219-220 °C. 
*H NMR (500 MHz, CDCI3) 5 7.92 (d, J= 8.4 Hz, IH), 7.45 (d, J = 1.6 Hz, IH), 7.16 (dd, 
J- 8.3, 1.6 Hz, IH), 6.36 (s, 2H), 4.43-4.37 (m, 2H), 3.84-3.78 (m, 2H), 3.19-3.12 (m, 
2H), 2.96 (s, 3H), 2.95-2.89 (m, 4H), 2.83 (s, 3H), 2.68 (t, J- 8.2 Hz, 2H), 2.08 (s, IH), 
1.51-1.34 (m, 4H), 1.37 (t, J= 7.6 Hz, 3H); 
MS (APCI) 410 (M + Hf; 

Anal. Calcd. for C23H31N5O2 •H2O: C, 64.61; H, 7.78; N, 16.38. Found: C, 64.63; H, 7.51; 
N, 16.23. 



A thick walled glass vessel, equipped with a stir bar, was charged with a warmed 
solution of 7-bromo-2-ethyl- 1 -(tetrahydro-2i/-pyran-4-ylmethyl)-l //-imidazo[4,5 - 
c]quinolin-4-anaine (584 mg, 1 .5 mmol) in A^,iV-dimethylformamide (10 mL). To the 
solution was added in succession, a solution of palladium acetate (37 mg, 0.15 mmol) and 
tri-orr/20-tolylphosphine (91 mg, 0.3 mmol) in iV,iV-dimethylformamide (5 mL), 
triethylamine (0.6 mL), and a solution of 4-acryloylmorpholine (254 mg 1.8 mmol) in 
iV,iV-dimethylformamide (2 mL). The reaction mixture was purged with nitrogen. The 
vessel was sealed and heated at 120 °C for 1 8 hours. The reaction was cooled to ambient 
temperature and then concentrated to dryness under reduced pressure. The resulting solid 
was dissolved in dichloromethane (100 mL) and washed with saturated aqueous potassium 
carbonate (50 mL). The fractions were separated and the organic fraction was 
concentrated to dryness under reduced pressure. The resulting solid was purified by 
chromatography using a HORIZON HPFC system (silica cartridge, 0-15% 
CMA/chloroform). A final recrystallization from acetonitrile provided 345 mg of 2-ethyl- 



Example 130 

2-Ethy 1-7- [( 1 £)-3 -morpholin-4-yl-3 -oxoprop- 1 -eny 1] - 1 -(tetrahydro-2^-pyran 

-4-ylmethyl)-l//-imidazo[4,5-c]quinolin-4-amine 




NH, 
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74(liO"3-morpholin-4-yl-3-oxoprop-l-enyl]-l-(tetrahydro-2iy^^ 
imidazo[4,5-c]quinolin-4-ainme as a white crystalline solid, mp >260 ^C. 

NMR (500 MHz, CDCI3) 8 8.01 (d, J= 8,5 Hz, IH), 7.83 (d, J= 1 .6 Hz, IH), 7.70 
(dd, J= 8.5, 1.6 Hz, IH), 7.61 d, J= 15.4, IH), 7.32 (d, J= 15.4 Hz, IH), 6.52 (s, 2H), 
5 4.47-4.42 (m, 2H), 3.84-3.78 (m, 2H), 3.78-3.72 (m, 2H) 3.65-3.55 (m, 6H) 3.19-3.1 1 (m, 
2H), 2.95 (q, J= 7.3 Hz, 2H), 2.08 (s, IH), 1.52-1.36 (m, 4H), 1.38 (t, J= 7.6 Hz, 3H); 
MS (APCI) 7w/z 450 (M + H)"*". 

Example 131 

Ethyl (2£)-3 -[4-amino-2-ethyl- 1 -(tetrahydro-27/-pyran-4-yhnethyl)- 1 //-imidazo 
1 0 [4,5-c]quinolin-7-yl]prop-2-enoate 




A thick walled glass vessel, equipped with a stir bar, was charged with a warmed 
solution of 7-bromo-2-ethyl-l-(tetrahydro-2//-pyran-4-ylmethyl)-l//-imidazo[4,5- 
c]quinolin-4-amine (2.5 g, 6.42 mniol) in 7V,iV-dimethylformamide (50 mL). To the 

15 solution was added in succession, a solution of palladium acetate (144 mg, 0.642 mmol) 
and tri-orr/zo-tolylphosphine (390 mg, 1.28 mmol) in iV,iV-dimethylformamide (5 mL), 
triethylamine (2.7 mL) and a solution of ethyl acrylate (0.77 g, 7.7 mmol) in NJ^- 
dimethylformamide (2 mL). The reaction mixture was purged with nitrogen. The vessel 
was sealed and heated at 120 for 18 hours. The reaction was cooled to ambient 

20 temperature and then concentrated to dryness under reduced pressure. The resulting solid 
was dissolved in dichloromethane (150 mL) and washed with saturated aqueous potassium 
carbonate (100 mL). The fractions were separated and the organic fraction was 
concentrated to dryness under reduced pressure. The resulting off-white solid was purified 
by chromatography using a HORIZON HPFC system (silica cartridge, 0-15% 

25 CMA/chloroform). A final recry stallzation from acetonitrile provided 1 .9 g of ethyl (2£)- 
3-[4-amino-2-ethyl-l-(tetrahydro-2i/-pyran-4-ylmethyl)-li/-imidazo[4,5-c]quinolin-7- 

yl]prop-2-enoate as an off-white crystalline solid, mp 209-210 °C. 
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NMR (500 MHz, CDCI3) 6 8.04 (d, J= 8.5 Hz, IH), 7.84 (d, J= 1.6 Hz, IH), 7.77 (d, 
J= 16.1 Hz, IH), 7.64 (dd, 8.5, 1.6 Hz, IH), 6.67 (d, J= 16.1 Hz, IH), 6.62 (s, 2H), 
4.48-4.41 (m, 2H), 4.25-4.18 (m, 2H) 3.85-3.78 (m, 2H) 3.20-3.13 (m, 2H), 2.95 (q, J= 
7.6 Hz, 2H), 2.12-2.05 (m, IH), 1.51-1.38 (m, 4H), 1.38 (t, 7.6 Hz, 3H), 1.28 (t, 7= 
7.3 Hz, 3H); 

MS (APCI) m/z 409 (M + H)""; 

Anal. Calcd. for C23H28N4O3: C, 67.63; H, 6.91; N, 13.72. Found: C, 67.58; H, 6.71; N, 
13.98. 



E%1 3-[4-ammo-2-e%l- 1 -(tetrahydro-2i/-pyran-4-ylmethyl)- 1/^^^ 



A glass Parr bottle was charged with 10% palladium on carbon (0.2 g) wetted with 
ethanol (10 mL) and a slurry of ethyl (2£)-3-[4-amino-2-ethyl-l-(tetrahydro-2/f-pyran-4- 
ylmethyl)-17f-unidazo[4,5-c]quinolin-7-yl]prop-2-enoate (1.81 g, 4.4 nrniol) in ethanol 
(250 mL). The vessel was placed on a Parr apparatus, evacuated and charged with 
hydrogen (55 psi). The mixture was shaken at ambient temperature for 48 hours. The 
reaction mixture was filtered through a 0.2 nxicron PTFE membrane filter and the filter 
was rinsed with ethanol (300 ml). The filtrate was concentrated to dryness under reduced 
pressure. Recrystallization from acetonitrile provided 1.51 g of ethyl 3-[4-amino-2-ethyl- 
1 -(tetrahydro-2i/-pyran-4-ylmethyl)-l J7-inudazo[4,5-c]quinolin-7-yl]propan^ as a 

white crystalline solid, mp 172-173 °C. 



^H NMR (500 MHz, CDCI3) 5 7.93 (d, J = 8.5 Hz, IH), 7.44 (d, J= 1.7 Hz, IH), 7.14 
(dd, J= 8.5, 1.7 Hz, IH), 6.40 (s, 2H), 4.43-4.37 (m, 2H), 4.08-4.02 (m, 2H), 3.84-3.78 
(m, 2H),3.18-3.11 (m,2H), 2.98-2.90 (m, 4H), 2.69(t,y=7.6 Hz, 2H), 2.07 (m, IH), 
1.50-1.34 (m, 4H), 1.37 (t,y= 7.6 Hz, 3H), 1.15 (t, J= 7.3 Hz, 3H); 
^^C NMR (125 MHz, CDCI3) 5 172.7, 154.6, 152.1, 145.4, 138.9, 132.9, 126.5, 125.7, 



Example 132 



quinolin-7-yl]propanoate 




NH 
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122.3, 120.4, 113.5, 67.0, 60.2, 50.1, 36.1, 35.3, 30.7, 30,0, 20.5, 14.5, 12.4; 
MS (APCI) /w/z 41 1 (M + H)""; 

Anal. Calcd. for C23H30N4O3: C, 67.29; H, 7.37; N, 13.65. Found: C, 67.25; H, 7.53; N, 
13.71. 

Example 133 

4-Amino-2-(ethoxyme%l)-l<2-hydroxy-2-methylpropyl)4/f-^^ 

quinoline-7-carbaldehyde 




Part A 

A round bottom flask, equipped with a stir bar, was charged with l-[4-amino-7- 
bromo-2<ethoxymethyl)-17/-imidazo[4,5-c]quinolin-l-yl]-2-methyIpropan-2-ol (1.18 g, 

3.0 mmol), 1-propanol (30 mL), potassium vinyltrifluoroborate (0.4 g, 3.0 mmol), 

triethylamine (1.25 mL, 9.0 mmol) and dichloro[l,r- 

bis(diphenylphosphmo)ferrocene]palladium (II) dichloromethane adduct (Pd(dppf)), (1 1 
mg, 0.015 mmol). The reaction mixture was heated at 80 °C for 66 hours. The reaction 
mixture was cooled to ambient temperature and then concentrated to dryness \mder 
reduced pressure. The solid was dissolved in dichloromethane (100 mL) and washed with 
saturated aqueous potassium carbonate (50mL). The fractions were separated and the 
organic fraction was concentrated to dryness. The off-white solid was purified by 
chromatography using a HORIZON HPFC system (silica cartridge, 0-15% 
CMA/chloroform). Recrystallization from acetonitrile provided 0.31 g of l-[4-amino-2- 
(ethoxymethyl)-7-vinyl4/f-imidazo[4,5-c]quinolui-l-yl]-2-methylpropan-2-ol as an off- 
white crystalline solid. MS (APCI) in/z 341 (M + H)"". 
Parte 

A round bottom flask was charged with l-[4-amino-2-(ethoxymethyl)-7-vinyl-li/- 
imidazo[4,5-c]quinolin-l-yl]-2-methylpropan-2-ol (0.26 g, 0.76 mmol) and 
dichloromethane (100 mL). The resulting solution was cooled in a dry ice/acetone bath. 
Ozone was bubbled through the reaction mixture for 10 minutes. The reaction mbcture 
was purged with oxygen for 5 minutes followed by a nitrogen purge for an additional 10 
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minutes. A solution of triphenylphosphine (0.4 g, L52 mmol) in dicWoromethane (10 
mL) was added in one portion. The dry ice/acetone bath was removed and the reaction 
mixture was allowed to warm to ambient temperature for 18 hours. The reaction mixture 
was concentrated to dryness under reduced pressure. The resulting solid was purified by 
chromatography using a HORIZON HPFC system (silica cartridge, 0-15% 
CMA/chloroform). A final recrystallization from acetonitrile provided 30 mg of 4-amino- 
2-(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)-l/f-imidazo[4,5-c]qumoline-7- 

carbaldehyde as an off-white crystalline solid, mp 203-205 °C. 

^HNMR (500 MHz, CDCI3) 5 10.09 (s, IH), 8.47 (d, J= 8.5 Hz, IH), 8.1 1 (d, J= 1.6 Hz, 
IH), 7.64 (dd, J= 8.5, 1.6 Hz, IH), 6.85 (s, 2H), 4.92-4.85 (m, 2H), 4.89 (s, IH), 4.71 (s, 
2H) 3.53 (q, J= 7.1 Hz, 2H), 1.18 (br s, 6H), 1.14 (t, J = 6.9 Hz, 3H); 
MS (APCI) m/z 343 (M + H)^; 

Anal. Calcd. for C18H22N4O3: C, 63.14; H, 6.48; N, 16.36. Found: C, 63.13; H, 6.46; N, 
16.40. 

Example 134 

3-[4-Amino-2-(ethoxymethyl)- 1 -(2-hydroxy-2-methylpropyl)- 1 //-imidazo[4,5-c] 

quinolin-7-yl]propan-l -ol 



A round bottom flask, equipped with a stir bar, was charged with ethyl 3-[4-aminO'- 
2-(ethoxymethyl)-l-(2-hydroxy-2-methyIpropyl)-l//-imidazo[4,5-c]quinolin-7- 
yljpropanoate (1.0 g, 2.4 mmol) and anhydrous tetrahydrofuran (20 mL). The reaction 
mixture was cooled in an ice bath. Lithium aluminum hydride (92 mg, 2.4 mmol) was 
added in one portion. After 2 hours additional lithium aluminum hydride (92 mg, 2.4 
mmol) was added in one portion. The ice bath was removed and the reaction mixture was 
allowed to warm to ambient temperature. The reaction was quenched by successive 
dropwise addition of water (1 mL), 10% sodium hydroxide solution (1 mL) and water (3 
mL). The reaction mixture was maintained at ambient temperature for 1 8 hours and then 
diluted with diethyl ether and water. The fractions were separated and the aqueous fraction 
was extracted with diethyl ether (3x25 mL). All of the organic fractions were combined 




OH 
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and then concentrated to dryness under reduced pressure. Purification by chromatography 
using a HORIZON HPFC system (silica cartridge, 0-20% CMA/chloroform) provided 0.8 
gof3-[4-amino-2-(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)-l^-imidazo[4,5- 

c]quinolin-7-yl]propan-l-ol as a white crystalline solid, mp 177-178 "C. 
'H NMR (500 MHz, CDCI3) 5 8.21 (d, 7= 8.5 Hz, IH), 7.45 (s, IH), 7.12 (d. J= 8.5 Hz, 
IH), 6.54 (s, 2H), 4.97 (br s, 2H), 4.94 (s, IH), 4.71 (br s, 2H). 4.54 (t, J= 5.2 Hz, IH), 
3.56 (q, y = 6.9 Hz, 2H), 3.51 (q, J= 6.3 Hz, 2H), 2.76 (t, J= 7.7 Hz, 2H), 1.88-1.81 (m, 
2H), 1.29-1.20 (m, 6H), 1.19 (t, J= 7.1 Hz, 3H) 

"CNMR(125 MHz,DMSO-rftf) 8 152.3, 150.8, 145.9, 140.8, 134.6, 126.1, 125.6, 
121.9, 121.5, 113.6, 71.0 65.6, 65.3, 60.6, 55.2, 34.5, 32.0, 28.1, 15.4 
MS (APCI) m/z 373 (M + H)""; 

Anal, calcd for C2oH28N403»0.3H20: C, 63.57; H, 7.63; N, 14.83. Found: C, 63.71; H, 
7.32; N, 14.88. 

Example 135 

l-[4-Amino-2-(ethoxymethyl)-7-(3-morpholin-4-ylpropyl)-l/Wmidazo[4,5-c] 

quinolin-l-yl]-2-methylpropan-2-ol 




Part A 

A stirred solution of 3-[4-amino-2-(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)- 
ljfir-imidazo[4,5-c]quinolin-7-yl]propan-l-ol (0.39 g, 1.05 mmol) in pyridine (10 mL) was 
cooled in an ice bath. 4-Dimethylaminopyridine (12.8 mg, 0.105 mmol) and 
methanesulfonic anhydride (204 mg, 1.15 nunol) were added. After stirring for one hour, 
the reaction was not complete and additional methanesulfonic anhydride was added (204 
mg, 1 . 15 mmol). After another 2 hours of stirring the reaction was still incomplete and 
additional methanesulfonic anhydride was added (204 mg, 1.15 mmol). The cooling bath 
was removed and the reaction was stirred for 18 hours. The reaction mixture was 
concentrated to dryness xmder reduced pressure. The resulting solid was dissolved in 
dichloromethane (100 mL) and washed with saturated aqueous potassium carbonate (25 
mL). The fractions were separated and the organic fraction was concentrated to provide 
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03 g of 3-[4-ainino-2-(e1hoxyme%l)-l-(2-hydroxy-2-methylpropyl)-l/^^ 
c]quinolin-7-yl]propyl methanesxilfonate as a pale gold solid, MS (APCI) m/z 451 (M + 

H)"". 
PartB 

A round bottom flask, equipped with a stir bar, was charged with 3-[4-aniino-2- 
(ethoxymethyl)-l-(2-hydroxy-2-methylpropyl)-li/-imidazo[4,5-c]quinolin^ 
methanesulfonate (0.24 g, 0,53 mmol) and acetonitrile (10 mL). Morpholine (0.23 g, 2.7 
mmol) was added in one portion. The reaction mixture was heated at 75 °C for 18 hours 
and then cooled to ambient temperature. After concentrating under reduced pressure, the 
resulting solid was dissolved in dichloromethane (50 mL) and washed with saturated 
aqueous potassium carbonate (50 mL). The fractions were separated and the organic 
fraction was concentrated to dryness. The solid was purified by chromatography using a 
HORIZON HPFC system (silica cartridge, 0-25% CMA/chloroform). The material was 
fiirther purified by a second chromatography treatment using a HORIZON HPFC system 
(silica cartridge, 10% methanol/dichloromethane). A fmal recrystallization from 
acetonitrile provided 0.1 g of l.[4-amino-2-(ethoxymethyl)-7-(3-morpholm-4-ylpropyl)- 
l//-imidazo[4,5-c]qumolin-l-yl]-2-methylpropan-2-ol as a white crystalline solid, mp 

132-133 °C. 

*H NMR (500 MHz, DMSO-dtf) 5 8.16 (d, J= 8.5 Hz, IH), 7.39 (d, 7= 1.6 Hz, IH), 7.07 
(dd, J= 8.4, 1.7 Hz, IH), 6.48 (br s, 2H), 4.89 (br s, 2H), 4.87 (s, IH), 4.65 (br s, 2H), 
3.59-3.55 (m, 4H), 3.50 (q, J = 4.7 Hz, 2H), 2.69 (t, 7= 7.3 Hz, 2H), 2.36-2.30 (m, 4H) 
2.30 (t, y= 7.3 Hz, 2H) 1.82-1.75 (m, 2H), 1.25-1.13 (m, 6H), 1.13 (t, J= 7.3 Hz, 3H); 
MS (APCI) m/z 442 (M + H)""; 

Anal, calcd for C24H35N5O3*0.3H2O: C, 64.49; H, 8.03; N, 15.67. Found: C, 64.26; H, 
8.16; N, 15.69. 

Exemplary Compounds 

Certain exemplary compounds, including some of those described above in the 
Examples, have the following Formulas (lie, Ild, lie, or llf) and the following Ri and R2 
substituents, wherein each Hne of the table is matched with Formula lie, lid. He, or Ilf to 
represent a specific embodiment of the invention. 
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Ri 


R2 


2-methylpropyl 


methyl 


2-hydroxy-2-methylpropyl 


methyl 


tetrahydro-2f/-pyran-4-ylmethyl 


methyl 


3-isopropoxypropyl 


methyl 


2-methylpropyl 


ethyl 


2-hydroxy-2-inethylpropyl 


ethyl 


tetrahydro-2/ir-pyran-4-ylmethyl 


ethyl 


3-isopropoxypropyl 


ethyl 


2-inethylpropyl 


n-propyl 


2-hydroxy-2-methylpropyl 


n-propyl 


tetrahydro-2//-pyran-4-ylmethyl 


n-propyl 


3-isopropoxypropyl 


n-propyl 


2-methylpropyl 


n-butyl 


2-hydroxy-2-methylpropyl 


n-butyl 


tetrahydro-2i/-pyran-4-ylmethyl 


n-butyl 


3-isopropoxypropyl 


n-butyl 


2-methylpropyl 


2-methoxyethyl 


2-hydroxy-2-methylpropyl 


2-methoxyethyl 
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Ri 


R2 


tetrahydro-2//-pyran-4-ylmethyl 


2-methoxyethyl 


3-isopropoxypropyl 


2-methoxyethyl 


2-methylpropyl 


ethoxjnnethyl 


2-hydroxy-2-methylpropyl 


ethoxymethyl 


tetrahydro-2//-pyran-4-ylmethyl 


ethoxymethyl 


3-isopropoxypropyl 


ethoxymethyl 


2-methylpropyl 


2-hydroxyethyl 


2-hydroxy-2-methylpropyl 


2-hydroxyethyl 


tetrahydro-2if-pyran-4-ylinethyl 


2-hydroxyethyl 


3-isopropoxypropyl 


2-hydroxyethyl 


2-inethylpropyl 


hydroxymethyl 


2-hydroxy-2-methylpropyl 


hydroxymethyl 


tetrahydro-2//-pyraii-4-ylmethyl 


hydroxymethyl 


3 "isopropoxypropy 1 


hydroxymethyl 


2-methylpropyl 


methoxymethyl 


2-hydroxy-2-methylpropyl 


methoxymethyl 


tetrahydro-2if-pyran-4-ylmethyl 


methoxymethyl 


3-isopropoxypropyl 


methoxymethyl 



Certain exemplary compounds, including some of those described above in the 
Examples, have the following Formulas (Ili, Ilj, Ilk, Ilm, Iln, IIo, Hp, Ilq, Ilr, or lis) and 
the following Ri and Ra substituents, wherein each line of the table is matched with 
5 Formula Hi, Ilj, Ilk, Ilm, Iln, IIo, lip, Ilq, Ur, or lis to represent a specific embodiment of 
the invention. 
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R2 


2-methylpropyl 


hydrogen 


2-methylpropyl 


methyl 


2-methylpropyl 


ethyl 


2-methylpropyl 


n-propyl 


2-methylpropyl 


rt-butyl 


2-methylpropyl 


hydroxymethyl 


2-methylpropyl 


2-hydroxyethyl 


2-methylpropyl 


methoxymethyl 


2-methylpropyl 


ethoxymethyl 
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2-methylpropyl 



R2 



2-methoxyethyl 



2-hydroxy-2-methylpropyl 



hydrogen 



2-hydroxy-2-methylpropyl 



2-hydroxy-2-methylpropyl 



2-hydroxy-2-methylpropyl 



methyl 



ethyl 



n-propyl 



2-hydroxy-2-inethylpropyl 



2-hydroxy-2-methylpropyl 



«-butyl 



hydroxymethyl 



2-hydroxy-2"methyIpropyI 



2-hydroxyethyl 



2-hydroxy-2-methylpropyl 



methoxymethyl 



2-hydroxy-2-methylpropyl 



ethoxymethyl 



2-hydroxy-2-methylpropyl 



2-methoxyethyl 



tetrahydro-2//-pyran-4-ylmethyl 



tetrahydro-2if-pyran-4-ylmethyl 



hydrogen 



methyl 



tetrahydro-2//-pyran-4-ylmethyl 



ethyl 



tetrahydro-2i?-pyran-4-ylmethyl 



w-propyl 



tetrahydro-2//-pyran-4-ybiiethyl 



«-butyl 



tetrahydro-2//-pyran-4-ylmethyl 



tetrahydro-2//'-pyran-4-ylmethyl 



tetrahydro-2//-pyran-4-yhnethyl 



hydroxymethyl 



2-hydroxyethyl 



methoxymethyl 



tetrahydro-2//-pyran-4-ylmethyl 



tetrahydro-2jftr-pyran-4-yhnethyl 



ethoxymethyl 



2-methoxyethyl 



2-methyl-2- [(methylsulfony l)amino]propy 1 



hydrogen 



2-methyl-2-[(methylsulfonyl)aniino]propyl 



methyl 



2-methyl-2-[(methylsulfonyl)amino]propyl 



ethyl 



2-methyl-2-[(methylsulfonyl)amino]propyl 



w-propyl 



2-methyl-2-[(methylsulfonyl)aniino]propyl 



«-butyl 



2-methyl-2-[(methylsuIfonyl)amino]propyl 



hydroxymethyl 



2-methyl-2-[(methylsulfonyl)amino]propyl 



2-hydroxyethyl 



2-methyl-2-[(methylsulfonyl)amino]propyl 



methoxymethyl 



2-methyl-2-[(methylsulfonyl)amino]propyl 



ethoxymethyl 
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p 

^1 


1 


2-meuiyl-z-[(memylsulionyyainmojpropyi 


z-'meuiUAycuiyi i 


2- [(metnylsulionyl^aniinojetiiy 1 


nyuiugcn i 


2-[(metnylsulionyl)ammojetnyl 


meinyi 


2- [(metnylsuliony l)amino jetny i 


emyi 


2-[(^metnyisuliony 1 )aminojetny i 


^-propyl 1 


2- [(metnyJsuliony 1 jammojetny i 


/7-DUiyi 1 


2- [(metnylsulionyljamino Jetny 1 


nycuoxyincuiy 1 


2-[(metnylsulionyl)aiiunoJetnyi 


z-nyoroxycuiyi i 


2-[(metnylsulionyl)aininojetnyl 


meuioxymeuiyi 


2-[(methylsulfonyl)aniino]ethyl 


einoxyincinyi 


2-[(methyisuiionyl)anunoJetnyl 


z-meinoxyeinyi 


4-[(methylsulfonyl)amino]butyl 


nyarogen 


4-[(methylsulionyl)aminojDutyl 


meuiyi 


4-[(inetnylsulionyl)ainmojDutyl 


etnyi 


4-[(methylsulfonyl)amino]butyl 


w-propyi 


4-[(methylsiuionyl)aininoJ butyl 


w-Duiyi 


4-[(metnylsuiionyl)aminoj butyi 


ny aroxy ulciny 1 


4-[(metnylsulionyljammojDUtyl 


z-nyuroxyeinyi 


4- [(metnylsuliony l;aniino J Dutyi 


nicinoxynicinyi 


4-[(metnylsulionyl)aminoj Duty i 


euiOAyrncinyi i 


4- [(metny Isuiiony 1 jamino j Duty l 


z-niemoxyeinyi i 


2- ( [(isopropyiamino ^carDonyijainino/ einyi 


nyurogen i 


2- 1 [(^isopropy lamino jcaroonyi j anuno / euiy i 


TVi ^t n^fi 1 

mcLuyi 


2- 1 [(^isopropyiamino ^car Donyi januno / exny i 


cinyi 1 


2- 1 [(^isopropyiamino jcaroonyij amino / cmyi 


n-propyi i 


0- / r^i c/^r\r/^t^\/lQTniTir^^pnrV»nTivll5*TYiiTirt\ptrlVi 


w-Hutvl 1 


2- { [(isopropy lainino)carbonyl]amino } ethyl 


hydroxymethyl 1 


2- { [(isopropy lammo)carbonyl]aniino} ethyl 


2-hydroxyethyl 1 


2- { [(isopropy lamino)carbonyl]amino} ethyl 


methoxymethyl 1 


2-{[(isopropylamino)carbonyl]amino}ethyl 


ethoxymethyl 
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Ri 


R2 


2- { [(isopropy lamino)carbonyl]amino } ethyl 


2-methoxyethyl 


2-(l,l-dioxidoisothiazolidin-2-yl)ethyl 


hydrogen 


2-( 1 , 1 -dioxidoisothiazolidin-2-yl)ethyl 


methyl 


2-(l , 1 -dioxidoisothiazolidin-2-yl)ethyl 


ethyl 


2-( 1 , 1 -dioxidoisothiazolidin-2-yl)ethyl 


«-propyl 


2-(l , 1 -dioxidoisothiazolidin-2-yl)ethyl 


n-butyl 


2-(l , 1 -dioxidoisothiazolidin-2-yl)ethyl 


hydroxymethyl 


2-(l ,1 -dioxidoisothiazolidin-2-yl)ethyl 


2-hydroxyethyl 


2-(l , 1 -dioxidoisothiazolidin-2-yl)ethyl 


methoxymethyl 


2-(l , 1 -dioxidoisothiazolidin-2-yl)ethyl 


ethoxymethyl 


2-(l , 1 -dioxidoisothiazolidm-2-yl)ethyl 


2-methoxyethyl 



Certam exemplary compounds, including some of those described above in the 
Examples, have the following Formula lit and the following R2 and R3 substituents, 
wherein each line of the table is matched with Formula lit to represent a specific 
5 embodiment of the invention. 

NH. 




lit 



R2 


R3 


hydrogen 


2-(acetylamino)ethyl 


methyl 


2-(acetylamino)ethyl 


ethyl 


2-(acetylamino)ethyl 


w-propyl 


2-(acetylamino)ethyl 


«-butyl 


2-(acetylamino)ethyl 


hydroxymethyl 


2-(acetylamino)ethyl 


2-hydroxyethyl 


2-(acetylamino)ethyl 
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m ethox vm eth vl 


fifpfvlfiminn^ftthvl 
^ ^civwiy icuiiiui./ ywuiy a 


ethoxvmetVivl 


iifpfvlaminn^pthvl 
^ idVifwiy iciiiiJiiwf iwuiiy i 


9 -in ptH nvvi*t livl 


'^-^ al^pt'\/l^^m^nrt^pt^lvl 
^^d^ciy icuiuiiu ycuiy 1 


11 Y Ul Ll^wli 


"^..r^ TYlpfVlA/lcill'finnvl\5l1fYllTlf*lptHvl 

z>**|_^iiidiiyi£>uiiuiiy i^cuiiuiujvuiy 1 




^-Fr iYipflnvlQii1fV»Tivl^5irniirirtlpflivl 
n iixcLuy louiiuiiy i ^cmuiii/jdixy x 


cluyi 


l^^iiic Uiy loUiiuiiyiycuixiiiujc uiy 1 




0„r^ rripfVivlc'iil'Fri'nvl^nrnirirtlp'fHvl 
Zr^l^^iiivuiy louixuiiy i ^cuixiiiujc^uiy i 




0 -f^'inpf Vivl ciil ■frtn vl^sim in AlptVivl 

Zf'i^^iiicuiy louiiuiiy i ycuiimujcuxy x 


11 Y UI U A jr lilC Ul jr 1 


O-f^fYiP'tl^'t/l ciil'frkTivl^ciTnirirtlpf nvl 

z." H 11 ivuiy 1 d uiiuixy ly ctiiiixiu J w uxy X 


£.'iiy uxua J V uiy 1 


2!f~|_^ixiv/Uiyii9Uiiuiiyi ^aiiiuiujvuiy i 


11 IC 1111/ Ay lllClllJr 1 


0— TYiptVivlciil'firMivl'^sinriiTiolpflivl 
u iiiv/Uiy 10 uiiuiiy i y<mxuxuj v uiy i 


C UlU Ay lllC Uljr 1 


O-T^ mp+VivlcnlfV^nvl^^iTiniTirtlpfl^vl 
Zi |_^i 11 w Uiy i!> uiiuiiy i y cuiiiiii/ j v uiy i 


i-Tn ^t!i n wP'tli vl 
itr~iiidiiu Ay ciiiy 1 


O-IC mptVivldilfVinvl^nnninnlptVivl 
z> t ^liiwtiiy xduii.L/iiy 1 iciixxixxi/jwuxy i 


iiyuiUgCii 


0— / r^i cr%TM*ot^\/lQminr\^r'5ii"l^rkr*\/nQTYnTir»\ pf h vl 

z>**^|_^iou^iu^yicu.iiiiiu j\^aL uuiiyijcuxxxiiu jcuiy 1 


iiiciiiyi 


0— / icriTM'nT^'\/1fttYiinr*^p$*T*V\AT>'\/ni*nfiinrk \pfVivl 
^ l^^iouux u py icuiiiiiu jK^cuL uuiiy ijcixiiixxu J cuxy x 


cuiyi 


z>'^ l^^ioU^ivi^y icixiiixiv/ js^aL uuxiy i j di i u i l\j / c uiy i 


//"^lopy 1 


0—/ r^icoTM*r*Twl5irriiT*n^r»5*Tl^rttivn5nnin<^ \ptHvl 

z>*^ [^xaujjiu^y lauxiiiw jK^ai uuxxyijcuxiuiu jcuiyi 


fi"i/uiyi 


0— / r^i cfMM'rtt^vl fiiYiiTiri^parT^riTivll nrri iTirfc\ AtVi vl 
|^^iDupiuj.iyxeuxxixxu jKfCU. uuxxy x j ai ixxx xo j c uiy i 


h vHr A vvm Vivl 
iiyuiviAyiiicuiyi 


0 — / r ^1 c 0"nro"n vl n m i ri r%\o aTKnn vl 1 5i in i n \ Vi v 1 
^ ^ {_^xo ^1 u uy xciiixixxv jK^cu. uuxxy x j cuiixxiw / cuiy x 


O «Vi vH fo wpf Vi vl 
iiyuiuAy cuiy 1 


^7- / r^i QO'nrn'nvlsimitio^f*5i"rl^Anvn5ifniTi a\ ptVi vl 
^ jjx yj^fj icuxixixv/ j\/cu. Uvxiy xjnixxxixv/ j wuiy i 


tn pI" rk wm At n vl 

1 lie Liiu Ay iiiv uiy 1 


0 - / r^i crvnfnt^vl amitin^r*5*i*VNAnvn3tniTir4lptlivl 
z» ^ n Xt3V/jyx vjuy icuiixxiu yv/cu uv/xiy ijciiixxiiu j cuxy x 


AtHriY vm ptVi vl 
vuiUAy iiiviiiy 1 


9 - / r^'i QririT* Ari vl arn 1 n r*^p atKati vl 1 ftrn 1 n o 1 pfVi vl 
z« ) |_^xou^x v^y icuxuxxu jKfCLk uuxxy ijcLLxiixiv/ y ^uxy x 


'5 ■.TYip+no wpfhvl 

z> "iiicuiu Ay ciiiy 1 


^ iQAT^rATivlaTmno^paTnATivns^rniTiA^ptVwl 
^ [_^xoU|jxv/py xouuxxv/ y^ui uuuy xjciixxxxi\j j cuiy x 


iiy ill ugvii 


0— ^nptryovl amin A^pfli vl 
z^^ucxxZiUyxcuxiixiu ycuxy x 


iiiviiiy 1 


0 ~(\\ PTi vl nm 1 n ptVi v 1 
^ y^u vxXiCiuy xciixxxxxi/ ^cuxy x 


ethvl 


2-rbeiizovl amino'iethvl 


«-propyl 


2-(ben2oylamino)ethyl 


«-butyl 


2-(benzoyIamino)ethyl 


hydroxymethyl 


2-(benzoylaniino)ethyl 


2-hydroxyethyl 


2-(benzoylamino)ethyl 
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R2 


R3 


methoxymethyl 


2-(benzoylamino)ethyl 


ethoxymethyl 


2-(benzoylamino)ethyl 


2-niethoxyethyl 


2-(benzoylamino)ethyl 


hydrogen 


2-cyanoethyl 


methyl 


2-cyanoethyl 


ethyl 


2-cyanoethyl 


/2-propyl 


2-cyanoethyl 


rt-butyl 


2-cyanoethyl 


hydroxymethyl 


2-cyanoethyl 


2-hydroxyethyl 


2-cyanoethyl 


methoxymethyl 


2-cyanoethyl 


ethoxymethyl 


2-cyanoethyl 


2-methoxyethyl 


2-cyanoethyl 


hydrogen 


2-(aminocarbonyl)ethyl 


methyl 


2-(aminocarbonyl)ethyl 


ethyl 


2-(aminocarbonyl)ethyl 


rt-propyl 


2-(aminocarbonyl)ethyl 


«-butyl 


2-(aminocarbonyl)ethyl 


hydroxymethyl 


2-(aminocarbonyl)ethyl 


2-hydroxyethyl 


2-(aminocarbonyI)ethyl 


methoxymethyl 


2-(aminocarbonyl)ethyl 


ethoxymethyl 


2-(aminocarbonyl)ethyl 


2-methoxyethyl 


2-(aminocarbonyl)ethyl 


hydrogen 


2-[(pyridin-3 -ylcarbonyl)aniino]ethyl 


methyl 


2-[(pyridin-3-ylcarbonyl)amino]ethyl 


ethyl 


2-[(pyridin-3-ylcarbonyl)amino]ethyl 


n-propyl 


2-[(pyridin-3 -ylcarbonyl)amino]ethyl 


n-butyl 


2-[(pyridin-3 -y lcarbonyl)amino]ethy 1 


hydroxymethyl 


2-[(pyridin-3-ylcarbonyl)amino]ethyl 


2-hydroxyethyl 


2-[(pyridin-3-ylcarbonyl)amino]ethyl 
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R2 


R3 


methoxymethyl 


2-[(pyridin-3-ylcarbonyl)ammo]ethyl 


ethoxymethyl 


2-[(pyridin-3-ylcarbonyl)amino]ethyl 


2-inethoxyethyl 


2-[(pyridin-3-ylcarbonyl)amino]ethyl 



Compounds of the invention have been found to modulate cytolcine biosynthesis by 
inducing the production of interferon a and/or tumor necrosis factor a in human cells 
when tested using one of the methods described below. 

5 

CYTOKINE INDUCTION IN HUMAN CELLS 
An in vitro human blood cell system is used to assess cytokine induction. Activity 
is based on the measurement of interferon (a) and tumor necrosis factor (a) (IFN-a and 
TNF-a, respectively) secreted into culture media as described by Testerman et al. m 
1 0 "Cytokine Induction by the Immunomodulators Imiqmmod and S-27609", Journal of 
Leukocyte Biology, 58, 365-372 (September, 1995). 

Blood Cell Preparation for Culture 

Whole blood ftom healthy human donors is collected by venipuncture into 

1 5 vacutainer tubes or syringes containing EDTA. Peripheral blood mononuclear cells 
(PBMC) are separated from whole blood by density gradient centrifugation using 
HISTOPAQUE-1077 (Sigma, St. Louis, MO) or FicoU-Paque Plus (Amersham 
Biosciences Piscataway, NJ). Blood is diluted 1:1 with Dulbecco*s Phosphate Buffered 
Saline (DPBS) or Hank's Balanced Salts Solution (BBSS). Alternately, whole blood is 

20 placed in Accuspin (Sigma) or LeucoSep (Greiner Bio-One, Inc., Longwood, FL) 

centrifuge frit tubes containing density gradient medium. The PBMC layer is collected 
and washed twice with DPBS or HBSS and re-suspended at 4 x 10^ cells/mL in RPMI 
complete. The PBMC suspension is added to 96 well flat bottom sterile tissue culture 
plates containing an equal volume of RPMI complete media containing test compound. 

25 

Compound Preparation 

The compounds are solubiUzed in dimethyl sulfoxide (DMSO). The DMSO 
concentration should not exceed a final concentration of 1% for addition to the culture 
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wells. The compounds are generally tested at concentrations ranging from 30-0.014 |iM. 
Controls include cell samples with media only, cell samples with DMSO only (no 
compound), and cell samples with reference compound. 

Incubation 

The solution of test compound is added at 60 jiM to the first well containing RPM 
complete and serial 3 fold dilutions are made in the wells. The PBMC suspension is then 
added to the wells in an equal volume, bringing the test compound concentrations to the 
desired range (usually 30-0.014 |xM). The final concentration of PBMC suspension is 2 x 
10^ cells/mL. The plates are covered with sterile plastic lids, mixed gently and then 
incubated for 18 to 24 hours at 37''C in a 5% carbon dioxide atmosphere. 

Separation 

Following incubation the plates are centrifuged for 10 minutes at 1000 rpm 
(approximately 200 x g) at 4**C. The cell-free culture supernatant is removed and 
transferred to sterile polypropylene tubes. Samples are maintained at -30 to -70°C until 
analysis. The samples are analyzed for IFN-a by ELISA and for TNF-a by 
IGEN/BioVeris Assay. 

Literferon (a) and Tumor Necrosis Factor (a) Analysis 

IFN-a concentration is determined with a human multi-subtype colorimetric 
sandwich ELISA (Catalog Number 41 105) from PEL Biomedical Laboratories, 
Piscataway, NJ. Results are expressed in pg/mL. 

The TNF-a concentration is determined by ORIGEN M-Series Immunoassay and 
read on an IGEN M-8 analyzer from BioVeris Corporation, formerly known as IGEN 
International, Gaithersburg, MD. The immunoassay uses a human TNF-a capture and 
detection antibody pair (Catalog Numbers AHC3419 and AHC3712) from Biosource 
International, Camarillo, CA. Results are expressed in pg/mL. 

Assay Data and Analysis 

In total, the data output of the assay consists of concentration values of TNF-a and 
IFN-a (y-axis) as a function of compound concentration (x-axis). 
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Analysis of the data has two steps. First, the greater of the mean DMSO (DMSO 
control wells) or the experimental background (usually 20 pg/mL for IFN-a and 40 pg/mL 
for TNF-a) is subtracted from each reading. If any negative values result from 
background subtraction, the reading is reported as " * and is noted as not reliably 
detectable. In subsequent calculations and statistics, " * is treated as a zero. Second, all 
background subtracted values are multiplied by a smgle adjustment ratio to decrease 
experiment to experiment variability. The adjustment ratio is the area of the reference 
compound in the new experiment divided by the expected area of the reference compound 
based on the past 61 experiments (unadjusted readings). This results in the scaling of the 
reading (y-axis) for the new data without changing the shape of the dose-response curve. 
The reference compound used is 2-[4-aniino-2-ethoxymethyl-6,7,8,9-tetrahydro-a,a- 
dimethyHii-imidazo[4,5-c]qumolin-l-yl]ethanol hydrate (U.S. Patent No. 5,352,784; 
Example 91) and the expected area is the sum of the median dose values from the past 61 
experiments. 

The minimum effective concentration is calculated based on the backgroxuid- 
subtracted, reference-adjusted results for a given experiment and compound. The 
minimum effective concentration (jimolar) is the lowest of the tested compound 
concentrations that induces a response over a fixed cytokine concentration for the tested 
cytokine (usually 20 pg/raL for IFN-a and 40 pg/mL for TNF-a). The maximal response 
is the maximal amount of cytokine (pg/ml) produced in the dose-response. 

CYTOKINE INDUCTION IN HUMAN CELLS 
(High Throughput Screen) 
The CYTOKINE INDUCTION IN HUMAN CELLS test method described above 
was modified as follows for high throughput screening. 

Blood Cell Preparation for Culture 

Whole blood from healthy human donors is collected by venipuncture into 
vacutainer tubes or syringes containing EDTA. Peripheral blood mononuclear cells 
(PBMC) are separated from whole blood by density gradient centrifiigation using 
HISTOPAQUE-1077 (Sigma, St. Louis, MO) or Ficoll-Paque Plus (Amersham 
Biosciences Piscataway, NJ). Whole blood is placed in Accuspin (Sigma) or LeucoSep 
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(Greiner Bio-One, Inc., Longwood, FL) centrifuge frit tubes containing density gradient 
medium. The PBMC layer is collected and washed twice with DPBS or HBSS and re- 
suspended at 4 X 10^ cells/mL in RPMI complete (2-fold the final cell density). The PBMC 
suspension is added to 96-well flat bottom sterile tissue culture plates. 

5 

Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide (DMSO). The compounds 
are generally tested at concentrations ranging from 30 - 0.014 |iiM. Controls include cell 
samples with media only, cell samples with DMSO only (no compound), and cell samples 

1 0 with a reference compound 2-[4-amino-2-ethoxymethyl-6,7,8,9-tetrahydro-a,a-dimethyl- 
lH-imidazo[4,5-c]quinolin-l-yl]ethanol hydrate (U.S. Patent No. 5,352,784; Example 91) 
on each plate. The solution of test compound is added at 7.5 mM to the first well of a 
dosing plate and serial 3 fold dilutions are made for the 7 subsequent concentrations in 
DMSO. RPMI Complete media is then added to the test compo\md dilutions in order to 

1 5 reach a final compound concentration of 2-fold higher (60 - 0.028 \xM) than the final 
tested concentration range. 

Incubation 

Compound solution is then added to the wells containing the PBMC suspension 
20 bringing the test compound concentrations to the desired range (usually 30-0.014 |iM) 
and the DMSO concentration to 0.4 %. The fmal concentration of PBMC suspension is 
2x10^ cells/mL. The plates are covered with sterile plastic lids, mixed gently and then 
incubated for 18 to 24 hours at 37°C in a 5% carbon dioxide atmosphere. 

25 Separation 

Following incubation the plates are centrifuged for 10 minutes at 1000 rpm 

(approximately 200 g) at 4°C. 4-plex Human Panel MSD MULTI-SPOT 96-well plates 

are pre-coated with the appropriate capture antibodies by MesoScale Discovery, Inc. 

(MSD, Gaithersburg, MD). The cell-free culture supematants are removed and transferred 
30 to the MSD plates. Fresh samples are typically tested, although they may be maintained at 

-30 to -70°C until analysis. 
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Interferon-a and Tumor Necrosis Factor-a Analysis 

MSD MULTI-SPOT plates contain within each well capture antibodies for human 
TNF-a and human IFN-a that have been pre-coated on specific spots. Each well contains 
four spots: one human TNF-a capture antibody (MSD) spot, one human IFN- a capture 
antibody (PBL Biomedical Laboratories, Piscataway, NJ) spot, and two inactive bovine 
serum albumin spots. The human TNF-a capture and detection antibody pair is from 
MesoScale Discovery. The human IFN-a multi-subtype antibody (PBL Biomedical 
Laboratories) captures all IFN-a subtypes except IFN-a F (IFNA21). Standards consist of 
recombinant human TNF-a (R&D Systems, Minneapolis, MN) and IFN-a (PBL 
Biomedical Laboratories). Samples and separate standards are added at the time of 
analysis to each MSD plate. Two human IFN-a detection antibodies (Cat. Nos. 21 1 12 & 
21 100, PBL) are used in a two to one ratio (weightiweight) to each other to determine the 
IFN-a concentrations. The cytokine-specific detection antibodies are labeled with the 
SULFO-TAG reagent (MSD). After adding the SULFO-TAG labeled detection antibodies 
to the wells, each well's electrochemoluminescent levels are read using MSD's SECTOR 
HTS READER. Results are expressed in pg/mL upon calculation with known cytokine 
standards. 

Assay Data and Analysis 

In total, the data ou^ut of the assay consists of concentration values of TNF-a or 
IFN-a (y-axis) as a function of compound concentration (x-axis). 

A plate- wise scaling is performed within a given experiment aimed at reducing 
plate-to-plate variability associated within the same experiment. First, the greater of the 
median DMSO (DMSO control wells) or the experimental background (usually 20 pg/mL 
for IFN-a and 40 pg/mL for TNF-a) is subtracted from each readmg. Negative values that 
may result from background subtraction are set to zero. Each plate within a given 
experiment has a reference compound that serves as a control. This control is used to 
calculate a median expected area under the curve across all plates in the assay. A plate- 
wise scaling factor is calculated for each plate as a ratio of the area of the reference 
compound on the particular plate to the median expected area for the entire experiment. 
The data from each plate are then multiplied by the plate-wise scaling factor for all plates. 
Only data from plates bearing a scaling factor of between 0.5 and 2.0 (for both cytokines 
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IFN-a, TNF-a) are reported. Data from plates with scaling factors outside the above 
mentioned interval are retested until they bear scaling factors inside the above mentioned 
interval. The above method produces a scaling of the y-values without altering the shape 
of the curve. The reference compound used is 2-[4-aniino-2-ethoxymethyl-6,7,8,9- 

5 tetrahydro-a,a-dimethyl-l//-imidazo[4,5-c]quinolin-l-yI]ethanol hydrate (U.S. Patent No. 
5,352,784; Example 91). The median expected area is the median area across all plates 
that are part of a given experiment. 

A second scaling may also be performed to reduce inter-experiment variability 
(across multiple experiments). All background-subtracted values are multiplied by a 

10 single adjustment ratio to decrease experiment-to-experiment variability. The adjustment 
ratio is the area of the reference compound in the new experiment divided by the expected 
area of the reference compound based on an average of previous experiments (unadjusted 
readings). This results in the scaling of the reading (y-axis) for the new data without 
changing the shape of the dose-response curve. The reference compound iised is 2-[4- 

15 ammo-2-ethoxymethyl-6,7,8,9-tetrahydro-a,a-dimethyl-l^-imidazo[4,5-c]quinoU 

yljethanol hydrate (U.S. Patent No. 5,352,784; Example 91) and the expected area is the 
sum of the median dose values from an average of previous experiments. 

The minimum effective concentration is calculated based on the background- 
subtracted, reference-adjusted results for a given experiment and compound. The 

20 minimum effective concentration (^imolar) is the lowest of the tested compoxmd 

concentrations that induces a response over a fixed cytokine concentration for the tested 
cytokine (usually 20 pg/mL for IFN-a and 40 pg/mL for TNF-a). The maximal response 
is the maximal amount of cytokine (pg/ml) produced in the dose-response. 

25 The complete disclosures of the patents, patent documents, and publications cited 

herein are incorporated by reference in their entirety as if each were individually 
incorporated. Various modifications and alterations to this invention will become 
apparent to those skilled in the art without departing from the scope and spirit of this 
invention. It should be understood that this invention is not intended to be undxily limited 

30 by the illustrative embodiments and examples set forth herein and that such examples and 
embodiments are presented by way of example only with the scope of the invention 
intended to be limited only by the claims set forth herein as follows. 
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WHAT IS CLAIMED IS: 

1 . A compound of the Formula I : 




I 

wherein: 

Ra and Rb taken together form a fused benzene ring or fused pyridine ring wherein 
the benzene ring or pyridine ring is substituted by one R3 group, or substituted by one R3 

group and one R group; 

R3 is selected from the group consisting of: 

-Z-Y-R4, 
-Z-Y-X-Y-R4, 

-Z-.R5, 
-Z-Het, 

-Z-Het -R4, and 
-Z-Het'-Y-R4; 

R is selected fi:om the group consisting of alkyl, alkoxy, hydroxy, halogen, and 
trifluoromethyl; 

R and R" are independently selected from the group consisting of hydrogen and 
non-interfering substitutents; 

Z is selected from the group consisting of a bond, alkylene, alkenylene, and 
alkynylene; wherein alkylene, alkenylene, and alkynylene can be optionally interrupted 
with one or more -O- groups; 

Y is selected from the group consisting of: 

-S(0)o.2-, 
-S(0)2-N(R8)-, 

-C(R6)-, 
-C(R6)-0-, 

-0-C(R6)-, 

167 



wo 2006/091394 



PCTAJS2006/004713 



-0-C(0)-O-, 

-N(R8)-Q-, 
-C(R6)-N(R8)-. 
-0-C(R6)-N(R,)-, 
-C(R6)-N(OR9)-, 

-L N-Q— 




Het is heterocyclyl which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy , haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 

Het* is heterocyclylene which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino, alkylamino, 
dialkylamino, and oxo; 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -O- groups; 

R4 is selected from the group consistmg of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
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heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be unsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)allcyleneoxy, and m the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 
oxo; 

Rs is selected from the group consisting of: 



R6 is selected from the group consisting of =0 and =S; 
R7 is C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
hydroxyalkylenyl, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3.8 alkylene; 

A is selected from the group consisting of -0-, -CH2-, -C(0)-, -S(0)o-2-, and 



Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-, 



-C(R^)-N(R«)-W-, -S(0)2-N(R8)-, -C(R6)-0., and -C(R6)-N(OR9)-; 

V is selected from the group consisting of -C(R6)-, -0-C(R6)-, -N(R8)-C(R6)-, and 



W is selected from the group consisting of a bond, -C(0)-, and -S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
with the proviso that when R' is heterocyclyl, then heterocyclyl is attached to the 
imidazo ring by an atom in heterocyclyl other than a nitrogen atom; and 
with the proviso that Z is other than a bond when: 




-N(R4)s 



-S(0)2-; 



R3 is -Z-Y-R4 or -Z-Y-X-Y-R4, and the Y group bonded to Z is -0-, 
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wherein V is 



5 




R3 is -Z-Het, -Z-Het*-R4, or -Z-Het'-Y-R4, and Z is attached to a nitrogen 
atom in Het or Het'; 

and with the further proviso that R3 is other than -NH2; 
or a pharmaceuticaily acceptable salt thereof. 



2. The compound or salt of claim 1 wherein Ra and Rb taken together form a fused 
benzene ring wherein the benzene ring is substituted by one R3 group, or substituted by 
one R3 group and one R group. 

15 3 . The compound or salt of claim 1 wherein Ra and Rb taken together form a fused 
pyridine ring wherein the pyridine ring is substituted by one R3 group, or substituted by 
one R3 group and one R group. 

4. The compound or salt of any one of claims 1 , 2, or 3 wherein R' is Ri ; wherein Ri 
20 is selected from the group consisting of: 



with the proviso that when Ri is R4, and R4 is heterocyclyl, then heterocyclyl is 
attached to the imidazo ring by an atom in heterocyclyl other than a nitrogen atom. 



10 



25 



-X-R4, 
-X-Y-R4, 

-X-Y-X-Y-R4, and 
-X-R5; 
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5. The compound or salt of any one of claims 1 , 2, 3, or 4 as dependent on claim 1 
wherein R" is R2; wherein R2 is selected from the group consisting of: 

-R4, 
-X-R4, 

-X-Y-R4, and 
-X-R5. 



6. A compound of the Formula II: 




II 

wherein: 

R3 is selected from the group consisting of: 
.Z-Y-R4, 
-Z-Y-X-Y-R4, 

-Z-Het, 

-Z-Hef-R4, and 
-Z-Het*-Y-R4; 

R is selected from the gcoxxp consisting of alkyl, alkoxy, hydroxy, halogen, and 

trifluoromethyl; 
n is 0 or 1 ; 

Ri is selected from the group consisting of: 
-R4, 
-X-R4, 
-X-Y-R4, 

-X-Y-X-Y-R4, and 
-X-Rs; 
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R2 is selected from the group consisting of: 



-R4, 
-X-R4. 

-X-Y-R4, and 
-X-R5; 



Z is selected ftom the group consisting of a bond, alkylene, alkenylene, and 
alkynylene; wherein alkylene, alkenylene, and alkynylene can be optionally interrupted 
with one or more -O- groups; 

Y is selected from the group consisting of: 



-0-, 

-S(0)o.2-, 
-S(0)2-N(Rg)-, 

-C(R6)-0-, 
-0-C(R6)-, 
-0-C(0)-0-, 

-N(R8)-Q-, 
-C(R^)-N(Rs)-, 

-0-C(R6)-N(R8)-, 

-C(R6)-N(OR9)-, 

_jL N-Q— 



— N — R,— N-Q— 







10 



, and 
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N-C(R6)-N 




Het is heterocyclyl which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloallcoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 

Het' is heterocyclylene which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino, alkylammo, 

dialkylamino, and oxo; 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -O- groups; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be unsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, ammo, alkylamino, dialkylamino, 
(dialkylammo)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 
0x0; 

R5 is selected from the group consisting of: 



-N-C(Re) 





N— S(0)2 _v- 




N-C{Re)-N 




and 



Re is selected from the group consisting of =0 and =S; 
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R7 is C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
hydroxyalkylenyi, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3>8 alkylene; 

A is selected from the group consisting of -CH2-, -C(0)-, -S(0)o-2", and 
-N(R4)s 

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-, 
.C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6)-N(OR9)s 

V is selected from the group consisting of -CCRe)-, -0-C(R6)-, -N(R8)-C(R6)-, and 

-S(0)2S 

W is selected from the group consisting of a bond, -C(0)-, and -S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
with the proviso that when Ri is R4, and R4 is heterocyclyl, then heterocyclyl is 
attached to the imidazo ring by an atom in heterocyclyl other than a nitrogen atom; and 
with the proviso that Z is other than a bond when: 

R3 is -Z-Y-R4 or -Z-Y-X-Y-R4, and the Y group bonded to Z is 




—V-N 

-0-C(R6)-, -0C(0)-0-, -0-C(R6)-N(R8)-, wherein V is 

— N-C{R6)-N-W- — N— R7-N-Q- 

-0-C(R6)-, ,or ;or 

R3 is -Z-R5, and R5 is 

-N-C(Re) -N-S(0)2 _v-|(i ^ 



( 7 ^ J \ 

^1 . ^7 .or \cH2)b-/ wherein V is 



>6/ t : " V A 

,or 

-0-C(R6)-; or 

R3 is -Z-Het, -Z-Het'-R4, or -Z-Het'-Y-R,, and Z is attached to a nitrogen 

atom in Het or Het'; 

and with the further proviso that R3 is other than -NH2; 
or a pharmaceutically acceptable salt thereof. 
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7. A compound selected from the group consisting of Fonnulas III, IV, V, and VI: 




m IV V 




wherein: 

R3 is selected from the group consisting of: 
-Z-Y-R4, 
-Z-Y-X-Y-R4, 

-Z-Rs, 
-Z-Het, 

-Z-Het'-R4, and 
-Z-Het'-Y-R4; 

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and 
trijQiuoromethyl; 
n is 0 or 1; 

Ri is selected from the groiq> consisting of: 

-R4, 

-X-R4. 

-X-Y.R4, 

-X-Y-X-Y-R4, and 
-X-R5; 

R2 is selected from the group consisting of: 

-Ri, 
-X-R4, 
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-X-Y-R4, and 
-X-Rs; 



Z is selected from the group consisting of a bond, alkylene, alkenylene, and 
alkynylene; wherein allcylene, alkenylene, and alkynylene can be optionally interrupted 
with one or more -O- groups; 

Y is selected from the group consisting of: 



-0-, 

-S(0)o-2-, 

-S(0)2-N(R8)-, 

-C(R6)-. 
-C(R6)-0-, 

-0-C(R6)-, 

-0-C(0)-0-, 

-N(R8)-Q-, 

-C(R<i)-N(R8)-, 

-0-C(R<i>N(R8)-, 

-C(R6)-N(OR9)-, 



Het is heterocyclyl which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 




N-Q — 





—V-N 
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haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 

Het* is heterocyclylene which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino, alkylamino, 
diallcylamino, and oxo; 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -O- groups; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
allcynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be unsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 
0x0; 

R5 is selected from the group consisting of: 



is selected from the group consisting of =0 and =S; 
R7 is C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
hydroxyalkylenyl, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3-8 alkylene; 



— N— QRe) — N— S(0)2 _v- 




and 
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A is selected from the group consisting of -CH2-, -C(0)-, ~S(0)o-2-> and 
■N(R4)s 

Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-, 
-C(R6)-N(R8)-W-, -S(0)2-N(R8K -C(R6>0-, and -C(R6>N(OR9)-; 

V is selected from the group consisting of -C(R6)-, "0-C(R6K -N(R8)-C(R6h and 
-S(0)2S 

W is selected from the group consisting of a bond, -C(0)-, and -S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
Avith the proviso that Z is other than a bond when: 

R3 is -Z-Y-R4 or -Z-Y-X-Y-R4, and the Y group bonded to Z is -0-, 




-0-C(Re)-, -0C(0)-0-, -0-C(R6)-N(R8)-, ^° wherein V is 

— N-C(R6)-N-W- — N— R7— N-Q— 

-0-C(R6>, ,or ;or 

R3 is -Z-R5, and R5 is 

-N-C(R6) -N-S(0)2 _v-|(i \ 



^ , ^ ,or (CH2)b-^ wherein Vis 

-0-C(R6)s or 

R3 is -Z-Het, -Z-Het'-R4, or -Z-Het'-Y-R4, and Z is attached to a nitrogen 
atom in Het or Het'; 
or a pharmaceutically acceptable salt thereof. 



8 . A compound of Formula VII : 



HN 




wherein: 

G is selected from the group consisting of: 
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-C(0)-R"', 
a-aminoacyl, 

a-aminoacyl-a-aminoacyl, 
-C(0)-0-R", 

-C(0)-N(R"")R'", 
-C(=NY,)-R'", 

-CH(OH)-C(0)-OYi, 
-CH(OCMalkyl)Yo, 
^CH2Y2, and 
-CH(CH3)Y2; 

R'" and R"" are independently selected from the group consisting of Ci-ioalkyl, 
C3-7cycloalkyl, phenyl, and benzyl, each of which may be unsubstituted or substituted by 
one or more substituents independently selected from the group consisting of halogen, 
hydroxy, nitro, cyano, carboxy, Ci-6alkyl, CMalkoxy, aryl, heteroaryl, aryl-CMalkylenyl, 
heteroaryl-CM alkylenyl, halo-CM alkylenyl, halo-CM alkoxy, -0-C(0)-CH3, 
-C(0>0-CH3, -C(0)-NH2, -0-CH2-C(0)-NH2, -NH2, and -S(0)2-NH2, with the proviso 
that R"" can also be hydrogen; 

a-aminoacyl is an a-aminoacyl group derived from an a-amino acid selected from 

the group consisting of racemic, and L-amino acids; 

Yi is selected from the group consisting of hydrogen, C 1-6 alky 1, and benzyl; 

Yo is selected from the group consisting of Ci-e alkyl, carboxy-Ci-e alkylenyl, 
amino-CM alkylenyl, mono-iV-Ci.6 alkylamino-CM alkylenyl, and 
di'N,N-Ci^ alkylamino-CM alkylenyl; 

Y2 is selected from the group consisting of mono-JV-Ci^ alkylamino, 
di-MN-Ci^alkylamino, morphohn-4-yl, piperidin-l-yl, pyrrolidin-l-yl, and 
4-Cm alkylpiperazin-l-yl; 

Ra and Rb taken together form a fijsed benzene ring or fiised pyridine ring wherein 
the benzene ring or pyridine ring is substituted by one R3 group, or substituted by one R3 
group and one R group; 

R3 is selected from the group consisting of: 

-Z-Y-R4, 
-Z-Y-X-Y-R4, 
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-Z-R5, 

-Z-Het, 

-Z-Het'-R4, and 
-Z-Het'-Y-R4; 

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and 
trifluoromethyl; 

Ri is selected from the group consisting of: 
-R4, 

-X-R4, 
-X-Y-R4, 

-X-Y-X-Y-R4, and 
-X-R5; 

R2 is selected from the group consisting of: 

-R4, 
-X-R4, 

-X-Y-R4, and 
-X-R5; 

Z is selected from the group consisting of a bond, alkylene, alkenylene, and 
alkynylene; wherein alkylene, alkenylene, and alkynylene can be optionally interrupted 
with one or more -O- groups; 

Y is selected from the group consisting of: 
-0-. 

-S(0)o-2-. 
-S(0)2-N(R8)-, 

-C(R<i)-, 

-C(R<i)-0-, 

-0-C(R6)-, 

-0-C(0)-0-, 

-N(R8)-Q-. 

-C(R6)-N(R8)-, 

-O.C(R6)-N(R8)-, 

-C(R6)-N(OR9)-, 
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Het is heterocyclyl which can be vmsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haioalkyl, 
haloaikoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 

Het' is heterocyclylene which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haioalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino, alkylamino, 

dialkylamino, and oxo; 

X is selected from the group consistmg of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -0- groups; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be unsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haioalkyl, haloalkoxy, halogen. 
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nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

oxo; 

R5 is selected from the group consisting of: 

_N_C(R3) -N-S(0)2 _v-r(| \ -f N-C(Re)-N a 

^ Ry-^ ^ ^7 ^ MCH2)b-^ ^ ^^10 , and 

-C=N; 

Rfi is selected from the group consisting of =0 and =S; 
R7 is C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
hydroxyalkylenyl, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3.8 alkylene; 

A is selected from the group consisting of -0-, -CH2-, -C(0)-, -S(0)o-2-, and 
-N(R4)-; 

Q is selected from the group consisting of a bond, -C(R6)-, -C(R^)-C(R6)-, -S(0)2-, 
-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6)-0-, and -C(R6>N(OR9)s 

V is selected from the group consisting of -C(R6)-, -0-C(R6)-, -N(R8)-C(R6)-, and 

-S(0)2S 

W is selected from the group consisting of a bond, -C(0)-, and -S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
with the proviso that when Ri is R4, and R4 is heterocyclyl, then heterocyclyl is 
attached to the imidazo ring by an atom in heterocyclyl other than a nitrogen atom; and 
with the proviso that Z is other than a bond when: 

R3 is -Z-Y-R4 or -Z-Y-X- Y-R4, and the Y group bonded to Z is -0-, 




-0-C(R6)-, -OC(0)-0-, -0-C(R6)-N(R8)-, wherein V is 

— N-C(Re)-N-W- — N— R7-N-Q"- 

.0-C(R6)-, ^7 >or ^7 ;or 
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R3 is -Z-R5, and R5 is 



— N— CCRg) — N— S{0)2 —v-rd 



' 9 9 




A 



wherein V is 



-0-C(R6)s or 

R3 is -Z-Het, -Z-Het'-Rj, or -Z-Het-Y-Rt, and Z is attached to a nitrogen 

atom in Het or Het'; 

and with the further proviso that R3 is other than -NH2; 
or a pharmaceutically acceptable salt thereof. 

9. The compound or salt of claim 7 where the compound is Formula III: 



or a pharmaceutically acceptable salt thereof. 

10. The compound or salt of any one of claims 6, 7, or 9 wherein n is 0. 

1 1 . The compound or salt of any one of claims 4 through 10 wherein R\ is selected 
from the group consisting of alkyl, arylalkylenyl, aryloxyalkylenyl, hydroxyalkyl, 
dihydroxyalkyl, alkoxyalkylenyl, alkylsulfonylalkylenyl, -X-Y-R4, -X-R5, and 

k 

heterocyclylalkylenyl; wherein the heterocyclyl of the heterocyclylalkylenyl group is 
optionally substituted by one or more alkyl groups; wherein X is alkylene; Y is 




NH 



III 



-N(Rs)-C(0)-, -N(R8)-S(0)2-, -N(R8)-C(0)-N(R8)-, or 




N-Q 



; R4 is alkyl, aryl, 



or heteroaryl; and R5 is 



-N-CCRe) -N-S(0)2 



-N(R8)-C(0)-N 
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12. The compound or salt of claim 1 1 wherein Ri is selected from the group consisting 
of 2-hydroxy-2-methylpropyl, 2-methylpropyl, propyl, ethyl, methyl, 2,3- 
dihydroxypropyl, 3-isopropoxypropyl, 2-phenoxyethyl, 4-[(methylsulfonyl)amino]butyl, 
2-methyl-2-[(methylsulfonyl)ammo]propyl, 2-(acetylamino)-2-methylpropyl, 2- 

{ [(isopropylamino)carbonyl]amino} -2-methylpropyl, 

4-{[(isopropylamino)carbonyl]amino}butyl, 4-(l,l-dioxidoisothiazolidin-2-yl)butyl, 
tetrahydro-2//-pyran-4-ylmethyl, and (2,2-dimethyH,3-dioxolan-4-yl)methyl. 

13. The compound or salt of claim 1 1 wherein Ri is selected from the group consisting 
of 2-[(methylsulfonyl)amino]ethyl, 2-(l , 1 -dioxidoisothiazolidin-2-yl)ethyl, 3-(2- 
oxopyrrolidin-l-yl)propyl, and 2-{[(isopropylamino)carbonyl]amino}ethyl. 

14. The compound or salt of any one of claims 5 through 1 3 wherein R2 is selected 
from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, and hydroxyalkylenyl. 

15. The compound or salt of claim 1 4 wherein R2 is selected from the group consisting 
of hydrogen, methyl, ethyl, propyl, butyl, ethoxymethyl, methoxymethyl, 2-methoxyethyl, 
hydroxyraethyl, and 2-hydroxyethyL 

16. The compound or salt of any one of claims 1 through 15 wherein R3 is "Z-Y-R4 or 
-Z-Y-X-Y-R4. 

17. The compound or salt of claim 1 6 wherein R3 is -Z- Y-R4. 

1 8. The compound or salt of claim 1 6 or 17 wherein Y is -N(R8)-Q-, and R4 is alkyl, 
aryl, heteroaryl, or heterocyclyl. 

1 9. The compound or salt of claim 1 8 wherein Q is -C(R6)-, -S(0)2-, or -C(R6)-N(R8)-. 

20. The compound or salt of claim 1 9 wherein Q is -C(R6)-. 

21 . The compound or salt of claim 1 9 wherem Q is -S(0)2-. 
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22. The compound or salt of claim 19 wherein Q is -C(R6)-N(R8)-. 

23. The compoimd or salt of claim 18 wherem Q is -C(R6)-0-. 

24. The compound or salt of claim 1 8 wherein Q is -S(0)2-N(R8)-. 

25. The compound or salt of claim 16 wherein R3 is -Z-Y-X-Y-R4. 

26. The compound or salt of any one of claims 16, 17, or 25 wherein Y is 
-C(R6)-N(R8)-, and R4 is alkyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, or 
heterocyclyl. 

27. The compound or salt of claim 26 wherein Y in - Y-PU is -C(R6)-N(R8)-. 

28. The compound or salt of any one of claims 16,17, and 25 wherein - Y-R4 is 
.C(0)-NH2. 

29. The compound or salt of claim 25 wherein Y in -Z-Y- is -C(0)-, and Y m - Y-R4 is 
selected from the group consisting of -C(0)-NH-, -C(0)-, and -C(0)-0-. 

30. The compound or salt of claim 29 wherein R4 is alkyl, with the provios that when 
Y in -Y-R4 is -C(0)-NH-, then R4 can also be hydrogen. 

3 1 . The compound or salt of any one of claims 25, 29, and 30 wherein X is 
heterocyclylene or heterocyclylene-alkylene. 

32. The compound or salt of claim 1 6 or 1 7 wherein Y is -C(0)- and R4 is 
heterocyclyl. 
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33. The compound or salt of claim 17 wherein Y is -C(0)-, and R4 is heterocyclyl 
which is unsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, hydroxy, and 0x0. 

34. The compound or salt of claim 1 7 wherein Y is -C(0)-NH-, and R4 is heterocyclyl 
which is unsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, hydroxy, and 0x0, or R4 is alley 1 which is unsubstituted 
or substituted by one or more substituents independently selected from the group 
consisting of hydroxy, alkoxy, heteroaryl, and heterocyclyl. 

35. The compound or salt of any one of claims 18 through 24, 26, 27, and 32 through 
34 wherein heterocyclyl is selected from the group consisting of tetrahydropyranyl, 
tetrahydrofuranyl, 1,3-dioxolanyl, pyrrolidinyl, piperidinyl, morpholinyl, thiomorpholinyl, 
1,1-dioxothiomorpholinyl, thiazolidinyl, azepanyl, 1,4-oxazepanyl, diazepanyl, 
dihydroisoquinolm-(l/f)-yl, octahydroisoquinolin-(l//)-yU dihydroquinolin-(2/i)-yl, 
octahydroquinolin-(2//)-yl> dihydro-l//-imidazolyl, 3-a2abicyclo[3.2.2]non-3-yl, and 
piperazinyl. 

36. The compound or salt of claim 17 wherein Y is selected from the group consisting 
of -C(0)-0-, -S(0)2-, and -S(0)2-N(R8)-. 

37. The compound or salt of any one of claims 1 through 15 wherein R3 is -Z-R5. 

38. The compound or salt of claim 37 wherein R5 is 



39. The compound or salt of claim 38 wherein V is -NH-C(O)- or -C{Oy, A is -0-, 
-CH2-, -S-, or -SO2-; a is 1, 2, or 3; and b is 2. 

40. The compound or salt of claim 37 wherein Z is alkylene, and R5 is -C=N. 



— V-N 




A 



186 



wo 2006/091394 



PCTAJS2006/004713 



4 1 . The compound or salt of any one of claims 1 through 1 5 wherein R3 is -Z-Het or 
-Z-Hef-R4. 

42. The compound or salt of claim 41 wherein Het and Het* are, respectively, selected 
from the group consisting of the monovalent and divalent forms of tetrahydropyranyl, 
tetrahydrofuranyl, 1,3-dioxolanyl, pyrrolidinyl, piperidinyl, morpholinyl, thiomorpholinyl, 
1,1-dioxothiomorpholinyl, thiazolidinyl, azepanyl, 1 ,4-oxazepanyI, diazepanyl, 
dihydroisoquinolin-(l/i)-yl, octahydroisoquinolin-(lJT)-yl, dihydroquinolin-(2/0-yl> 
octahydroquinolin-(2/r)-yl, dihydro-l//-imidazolyl, 3-azabicyclo[3.2.2]non-3-yl, and 
piperazinyl, each of which is unsubstituted or substituted by one or more substitutents. 

43 . The compound or salt of claim 42 wherein Het is substituted by one or more 
substituents selected from the group consisting of alkyl, hydroxyl, hydroxyalkyl, 
hydroxyalkyleneoxyalkylenyl, dialkylamino. 

44. The compoimd or salt of claim 41 or claim 42 wherein R4 is heterocyclyl. 

45. The compound or salt of any one of claims 1 through 38 wherein Z is a bond. 

46. The compound or salt of any one of claims 1 through 39 and 41 through 44 
wherein Z is Cm alkylene or Cia alkenylene. 

47. The compound or salt of any one of claims 1 through 46 wherein R3 is at the 7- 
position. 

48. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound or salt of any one of claims 1 through 47 and a pharmaceutically acceptable 
carrier. 
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49. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amount of a compound or salt of any one claims 1 through 47 or the 
pharmaceutical composition of claim 48 to the animal. 

50. A method of treating a viral disease in an animal in need thereof comprising 
administering a therapeutically effective amount of a compound or salt of any one of 
claims 1 through 47 or the pharmaceutical composition of claim 48 to the ammal. 

51. A method of treating a neoplastic disease in an animal in need thereof comprising 
administering a therapeutically effective amount of a compound or salt of any one of 
claims 1 through 47 or the pharmaceutical composition of claim 48 to the animal. 

52. A compound of the Formula X: 



R3 is selected from the group consisting of: 

-Z-Y-R4, 
.Z-Y-X-Y-R4, 
-Z-R5, 
-Z-Het, 

-Z-Hef and 
-Z-Hef"Y-R4; 

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and 
trifluoromethyl; 
n is 0 or 1; 

Ri is selected from the group consisting of: 




X 



wherein: 



-R4, 



-X-R4, 
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-X-Y-R4, 

-X-Y-X-Y-R4, and 
-X-Rs; 

R2 is selected from the gcovp consisting of: 
-R4, 
-X-R4, 

-X-Y-R4, and 
-X-Rs; 

Z is selected from the group consisting of a bond, alkylene, alkenylene, and 
alkynylene; wherein alkylene, alkenylene, and alkynylene can be optionally interrupted 
with one or more -O- groups; 

Y is selected from the group consisting of: 



-0-, 

-S(0)o.2-, 
-S(0)2-N(R8)-, 

-C(R<i)-, 
-C(R6)-0-, 
-0-C(R6)-, 
-0-C(0)-0-, 

-N(R8)-Q-. 
-C(R6)-N(R«)-, 
-0-C(R6)-N(R8)-, 
-C(R6)-N(OR9)-. 

-U N-Q — 





— N 
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9 



Het is heterocyclyl which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 

Het* is heterocyclylene which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino, alkylamino, 

dialkylamino, and oxo; 

X is selected from the group consisting of alkylene,.alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -O- groups; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be unsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylammo, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

0x0; 

R5 is selected from the group consisting of: 
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Re is selected from the group consisting of =0 and =S; 
R7 is C2-7 alkylene; 

Rs is selected from the group consisting of hydrogen, alky 1, alkoxyalkylenyl, 
hydroxyalkylenyl, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3-8 alkylene; 

A is selected from the group consisting of -0-, -CH2-, -C(0)-, -S(0)o.2-, and 
-N(R4)-; 

Q is selected fi-om the group consisting of a bond, -C(R^)-, -C(R6)-C(R6)-, -S(0)2-, 
.C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R6>0-, and -C(R6)-N(OR9)-; 

V is selected from the group consisting of -C(R6)-, -0-C(R6)-, -N(R«)-C(R6)-> and 

-S(0)2S 

W is selected from the group consisting of a bond, -C(0)-, and -S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
with the proviso that Z is other than a bond when: 

R3 is -Z-Y-R4 or -Z-Y-X-Y-R4, and the Y group bonded to Z is -0-, 




— V-N 

-0-C(R6)-, -0C(0)-0-, -0-C(R6)-N(R8>, wherein V is 

— N-C(R6)"N-W— — N— R7— N-Q— 

-0-C(R6)-. ,or ^ ;oT 

R3 is -Z-Rs, and Rj is 

-N-C(Re) -N-S(0)2 -v-ij \ 

R7 , ,or (CH2)b^ wherein Vis 

-0-C(R6)-; or 

R3 is -Z-Het, -Z-Het'-R4, or -Z-Het'-Y-Rj, and Z is attached to a nitrogen 
atom in Het or Het'; 
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and with the further proviso that R3 is other than -NH2; 
or a pharmaceutically acceptable salt thereof. 



53. A compound of the Formula XI: 




N 



>-R2 



N 



R 



XI 



wherein: 



R3 is selected from the group consisting of: 



-Z-Y-R4, 
-Z-Y-X-Y-R4, 
-Z.R5, 
-Z-Het, 

-Z-Het'-R4, and 
-Z-Hef-Y-R4; 

R is selected from the group consisting of alkyl, alkoxy, hydroxy, halogen, and 
trifluoromethyl; 

nisOor 1; 

Ri is selected from the group consisting of: 

-R4, 

-X-R4, 

-X-Y-R4, 

-X- Y-X- Y-R4, and 
-X-R5; 

R2 is selected from the group consistmg of: 

-R4, 
-X-R4, 

-X-Y-R4, and 
-X-Rs; 
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Z is selected firom the group consisting of a bond, alkylene, alkenylene, and 
alkynylene; wherein alkylene, alkenylene, and alkynylene can be optionally interrupted 
with one or more -O- groups; 

Y is selected from the group consisting of: 



-0-, 

-S(0)o.2-. 
-S(0)2-N(R8)-, 

-C(R6)-, 

-C(R6)-0-, 

-0-C(FU)-, 

-0-C(0)-0-, 

-N(R8)-Q-, 

-C(R6)-N(R8)-, 

-0-C(R6)-N(R8)-, 

-C(R<i)-N(0R9)-, 

-C N-Q— 



— V-N 4- 

, and 



Het is heterocyclyl which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyl, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, hydroxyalkyleneoxyalkylenyl, 
amino, alkylamino, dialkylamino, and oxo; 
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Het' is heterocyclylene which can be unsubstituted or substituted by one or more 
substituents independently selected from the group consisting of alkyi, alkoxy, haloalkyl, 
haloalkoxy, halogen, nitro, hydroxy, hydroxyalkyl, cyano, amino, alkylamino, 
dialkylamino, and oxo; 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated with arylene, heteroarylene, 
or heterocyclylene, and optionally interrupted by one or more -O- groups; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, eilkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be xmsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 
0x0; 

R5 is selected from the group consisting of: 



R6 is selected from the group consisting of =0 and =S; 
R7 is C2-7 alkylene; 

Rs is selected from the group consisting of hydrogen, alkyl, alkoxyalkylenyl, 
hydroxyalkylenyl, arylalkylenyl, and heteroarylalklenyl; 

R9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3-8 alkylene; 

A is selected from the group consisting of -0-, -CH2-, -0(0)-, -S(0)o-2-> and 




-C^N; 



-N(R4)s 
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Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-, 
-C(R6)-N(R8)-W-, -S(0)2-N(R8)-, -C(R<i)-0-, and -C(R<5)-N(OR9)-; 

V is selected from the group consisting of -C(R6)-, -0-C^)-, -N(Rg)-C(R6)r, and 
-S(0)2-; 

W is selected from the group consisting of a bond, -C(0)-, and -S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
with the proviso that Z is other than a bond when: 

R3 is -Z-Y-R4 or -Z^Y-X-Y-R4, and the Y group bonded to Z is -0-, 




— V-N 

-0-C(R6)-, -0C(0)-0-, -0-C(R<i)-N(R8)-, '° wherein V is 

— N-C(R6)-N-W- — N— R7-N-Q- 

-0-C(R6)-, ^7 , or ^7 



-N-C(R6) -N-S(0)2 _v-|<i 

^R7^ or \CH,),-^ 



; or 

R3 is -Z-R5, and R5 is 

, or V^"2^b wherein V is 

-0-C(R6)-; or 

R3 is -Z-Het, -Z-Het'-R4, or -Z-Hef -Y-R4, and Z is attached to a nitrogen 
atom in Het or Het'; 
or a pharmaceutically acceptable salt thereof. 
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